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CLINICAL DIFFERENCES IN TUBERCULOSIS: 


S. LYLE CUMMINS? 


Perhaps the most dynamic utterance ever made in relation to the 
prevention of disease was made by Biggs. If words count for anything 
at all, surely these words of his must count amongst the great sayings of 
our time: 


Public health is purchasable. Within natural limitations any community can 
determine its own death-rate. 


But Dr. Biggs was not content with the mere formulation of obiter 
dicta. He knew that in the effort to purchase health the expenditure 
must be judicious; that it is impossible to afford waste. And so he 
turned all his energies to the study of disease, so that the force of every 
penny spent might be recovered in a tangible form. His teaching was 
that the aims of the sanitarian must be precise before they can claim 
public support. His dictum, above quoted, is doubtless as true of 
tuberculosis as it has proved to be of diphtheria; but with the conflicting 
theories which still prevail as to tuberculous disease and its epidemiology 
there is some excuse if the strings of the public purse are often a little 
tight if, with the partial admission that health in this relation is pur- 
chasable, there is some hesitation as to whether the bank balance can 
stand the strain. 

I trust that these considerations may be held to justify me in having 
selected for my subject so old a question as Variation in the Clinical 
Types of Tuberculosis. 


TUBERCULOSIS PROTEAN 


To all with experience of the campaign against tuberculosis in America 
or in England, there will be agreement as to the protean nature of the 
disease as seen in civilized adults. In other bacterial diseases the 
clinical syndrome tends to be fairly uniform. But tuberculosis is so 


1The HERMANN M. BiccS MEMORIAL TUBERCULOSIS LECTURE for 1926, given under the 
auspices of the Medical Society of the County of New York and the New York Tuberculosis 
and Health Association, at the New York Academy of Medicine, October 22, 1926. 

2 Professor of Tuberculosis, Welsh National School of Medicine, Cardiff, Wales. 
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2 S. LYLE CUMMINS 


polymorphic as to demand attention in the differential diagnosis of 
almost every other disease. The ‘specialist’? in tuberculosis is fre- 
quently obliged to claim the aid of other specialists, the orthopaedic 
surgeon, the laryngologist, the expert in genitourinary diseases, to help 
him in solving problems outside his personal experience. 

It may be argued, perhaps, that, the pulmonary form of tuberculosis 
being so much the most common, it is natural for the tuberculosis special- 
ist to be, for the most part, a specialist in chest diseases; with the implica- 
tion that he must necessarily leave the nonpulmonary forms of the 
disease to others; but, even admitting this, the chest-disease specialist 
will be the first to admit that the clinical variations of pulmonary tuber- 
culosis itself are infinite and demand a life-study to be properly under- 
stood. 

While it is the function of the clinician to observe and recognize these 
clinical variations, it is the part of the pathologist to attempt to explain 
them; and he turns naturally to the experimental disease, as seen in 
laboratory animals, for the study of the problem under circumstances 
in which, he hopes, the various factors of pathogenesis shall be under 
his control. But here he encounters a difficulty at the very start. 
In his experimental animals, the disease, instead of being protean in 
type, is singularly uniform and not by any means a reproduction of the 
human tuberculosis encountered in hospital wards and in the post- 
mortem room. 

And thus it happens that, sooner or later, the idea gets accepted that 
the tuberculosis of laboratory animals is but an indifferent guide toward 
the solution of the problem of tuberculosis in man. This idea, however, 
must not by any means be regarded as final, and it requires critical 
examinaton before the value of animal experiment can be set aside. 

Let us turn, for a moment, to a consideration of the disease as seen. 
for instance, in the guinea pig, the cheapest, most convenient and most 
commonly used of the animals at our disposal. For a few weeks after 
subcutaneous inoculation with tuberculous material, there are no symp- 
toms. The animal eats well, looks healthy, and, if young, continues 
to gain in weight. Then a swelling is noticed at the site of inoculation, 
the nearest lymph nodes enlarge, the weight-curve flattens for a few days 
and then commences to fluctuate toward a final fall. After a period of 
ill-health lasting from a few weeks to a month or so, the animal loses 
the appearance of health, develops a scanty coat, wastes rapidly and dies. 
At autopsy, there is a caseous abscess at the point of inoculation, enlarged 
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and caseous lymph nodes along the lines of lymph drainage, the lungs, 
liver and spleen are almost solid with caseonecrotic areas, and, as a rule, 
teeming with acid-fast bacilli, while the tracheobronchial and mediastinal 
lymph nodes are greatly enlarged. The picture, in short, presents 
a marked contrast to the almost entirely pulmonary localization, cavita- 
tion and ulceration of human phthisis as seen in our industrial com- 
munities. The observation, at first sight, might well be quoted as show- 
ing that the tuberculosis of the guinea pig is different from that of man. 

And yet that great pathologist, Borrel, after a unique experience of the 
clinical and postmortem characters of tuberculosis in the Senegalese 
tribesmen summoned to France for service in the Great War, exclaims, 
after a masterly description of his findings: “This is the tuberculosis 
of the infant, of the guinea pig, of the monkey.” And his description 
tallies exactly with that which we have just given, in summary, for the 
experimental animal. 

Borrel speaks of the initial absence of symptoms, the sudden break in 

health with wasting, loss of muscular tone, and a significant alteration 
of aspect, the rapidly progressive course of the disease, once established, 
toward a fatal termination, and the postmortem picture in which all 
the organs are heavily infected, the lymph nodes enlarged and caseous, 
the disease generalized to an extent which implies an absence of the 
power to resist its progress: “‘J/] neige du tubercule.” ‘On ne retrouve 
pour ainsi dire jamais de réaction fibreuse, d’enkystement des lésions, de 
réaction de guérison.” 
- With this picture before us, we begin to realize that the tuberculosis 
of experimental animals may, after all, bear comparison with that of 
man,—provided that the man in question is as close to nature as are the 
animals used in the experiment. 

In other words, the natural course of tuberculosis, both in primitive 
man and in susceptible animals, is just as characteristic and just as uni- 
form as that of other bacterial diseases. In the tuberculosis of civilized 
adults, however, some new factor has entered into the question and has 
tended to modify the clinical picture to a varying but always a consider- 
able extent. 

The conception which it is desired to bring forward in this lecture is as 
follows: “That human tuberculosis may be regarded as falling into two 
main types: ‘natural tuberculosis’ and ‘modified tuberculosis’;” and that 
the consideration of the disease under these broad headings is calculated 
to raise questions of importance both for the epidemiologist and for the 
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clinician. In order to make this conception more easily appreciated, it 
is desirable to define the two types in more precise terms; always with 
the reservation that between them there are infinite intermediate stages 
through which the one phase passes imperceptibly into the other. 


NATURAL TUBERCULOSIS 


When the initial infection has been sufficient in itself to produce 
disease, the “natural” type tends to appear. In its typical form it is an 
acute generalized disease, usually fatal. The “survival period” tends 


Fie. 1 


The younger patient to the right of the picture represents an approach to the natural 
type of tuberculosis; she had only ceased work as a domestic servant a few weeks before the 
photograph was taken and only survived for ten months in the hospital. The disease in 
her case was acute and progressive from the start. The elderly lady on the left presents a 
typical picture of modified tuberculosis in its final stages. She had been ill on and off for a 
number of years, her attacks being separated by intervals of relatively good health, and out- 
lived the younger patient to the right by several months. 


Fic. 2 


This little patient represents an approximation to the natural type of tuberculosis in a 
child. Her disease was pyrexial from the start and she only survived about a year from the 
time of her admission to the hospital. 

Fic. 3 


Picture illustrating the fact that the modified type of tuberculosis may occur even in 
childhood. This little girl was the child of an infected mother and must have been exposed 
to infection from the start. Her illness was extremely chronic and she lasted for over two 
years in the hospital, although wasted and suffering from advanced disease on admission. 


to be brief. Its main stages, which may, however, be practically simul- 
taneous in point of time, are as follows: 


1: Primary disease foci at portals of entry and in the neighboring lymph 
nodes. These lesions of primary localization excite little or no reaction in the 
surrounding tissues. 

2: Generalization through the blood-stream. 

3: Metastatic secondary disease foci in such capillary blood filters as the 
lungs, the spleen, the growing ends of bones, the liver, kidneys, meninges, etc. 


This phase of human tuberculosis, so strictly comparable to the 
disease as seen in artificially infected guinea pigs, monkeys, or (in the 
case of bovine bacilli) rabbits, is seldom seen in its typical form except 
in primitive adults brought for the first time into contact with tubercu- 
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6 S. LYLE CUMMINS 


lous persons or in infants and young children tended by infectious parents 
or nurses. It is the disseminated tuberculosis of the early age-groups, 
as dealt with in the Registrar-General’s Reports for England and Wales. 


MODIFIED TUBERCULOSIS 


In its extreme form modified tuberculosis is a chronic recrudescent 
type of disease, for the most part localized in the lungs. Its course is 
slow and punctuated by intervals of relatively good health. The 
“survival period” is often prolonged. Its main characters are as follows: 


1: A state of general hypersensitiveness to the products of the tubercle 
bacillus, with a consequent tendency to sharp reactions to autoinoculations. 
2: A considerable power of resisting subsequent infection. 
3: A tendency to limit the internal extension of lesions by the formation of 
fibrous barriers and to facilitate the external evacuation of caseous products 
by ulceration toward open surfaces. 


Its dangers are twofold: the tendency to ulceration being dangerous 
to the individual since it may lead to the erosion of blood-vessels with 
consequent haemorrhage or perhaps to miliary tuberculosis (the “dis- 
seminated tuberculosis” of older age-groups in the Registrar-General’s 
Reports); while the evacuation of caseous material by cases of “‘pro- 
longed survival’ constitutes the chief source of transmission of infection 
in civilized communities. 


MIXED TYPES 


If it is borne in mind that the main character of ‘‘natural tuberculosis”’ 
is a tendency to generalization of infection throughout the body and the 
main character of “modified tuberculosis,” a tendency to pulmonary 
localization, this will help to indicate the relation of the various clinical 
manifestations met with in practice to the one type or the other. 

It will be obvious that the forms of tuberculosis, so characteristic of 
childhood, in which the disease appears confined to the areas of primary 
localization,—the cervical lymph nodes, the mesenteric lymph nodes, 
the tracheobronchial and mediastinal lymph nodes,—are instances of a 
stopping short, for the time being, of the “natural” type of disease at 
its initial stage. 

The tuberculosis of bones and joints, on the other hand, so common 
in the first two decades of life, must be taken to imply that generalization 
of infection through the blood-stream actually did take place at some 
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Fics. 44 AND 4B 


A: Group of boys under treatment at Glan Ely Hospital, Welsh National Memoria] 
Association, near Cardiff. This represents the relative absence of toxic symptoms in surgical 
tuberculosis in children. 

B: Group of children engaged in cricket in the grounds of the Kensington Hospital, 
St. Brides, Welsh National Memorial Association. 
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time in the history of the case and that the “natural” type of disease 
had occurred on a minor scale and below the clinical threshold. 

The acute progressive forms of pulmonary tuberculosis, while indicat- 
ing, by their marked tendency toward pulmonary localization, that they 
approach the “modified” type, are accompanied by such a feeble degree 
of fibrosis and by such a marked tendency to spread that the modifying 
factor can have been but slight in its operation. 

It will be appreciated that, assuming that the conception above 
outlined is based on correct observation, the general tendency of tuber- 
culosis in a ‘‘civilized’’ community is to assume or approximate to the 
character of “natural tuberculosis” only in the early years of life and to 
manifest itself in forms of “‘modified tuberculosis” to an ever-increasing 
extent as age advances. 

Turning from age-groups to racial groups, it is possible to place the 
various communities of mankind into categories according to the clinical 
types of tuberculosis prevalent ar-ong their people. Thus we may regard 
the Senegalese natives, whose tuberculosis has been described by Borrel, 
the natives of the Nilotic tribes of the Anglo-Egyptian Sudan, described 
by Cummins, the East African peoples, investigated by Zieman, and 
many other “primitive” communities, as tending to the pure form of 
“natural tuberculosis,’ and as comparable, in this respect, to the infants 
and young children of Europe and America; while the natives of India, 
of China, of Assam, of Egypt, and of other countries, in which an agri- 
cultural type of life coexists with a large population and a tendency to 
the aggregation of considerable numbers into cities and towns, tend to 
exhibit ‘‘mixed”’ types, such as are seen in later childhood and adoles- 
cence in Western communities. 

Again, the less industrialized populations of certain parts of Europe, 
notably those of Ireland, the western counties of Wales and parts of the 
Highlands and islands of Scotland, present us with a type of tuberculo- 
sis which, while modified to some extent, has very definite affinities 
with the natural type and leads to the “young adult” variety of mor- 
tality, to which attention has been called by Brownlee in his reports to 
the Medical Research Council. 

It becomes evident, in fact, that the distribution of clinical types ac- 
cording to age-groups and races is far too regular in its variations to be 
purely accidental, and that its study leads us back inevitably to problems 
strictly similar to those so urgently raised by the investigations into 
racial variations in tuberculosis mortality, the fundamental problems 
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of the causes of racial and other differences in resistance to the tubercle 
bacillus. It raises these problems, however, in a form which lends itself 
to clinical as well as to statistical investigation and, by establishing the 
comparability of the experimental tuberculosis of animals with the 
natural tuberculosis of man, opens up new vistas for the pathologist by 
laboratory research. 


VARIATIONS IN CLINICAL TYPE 


If it is conceded that natural tuberculosis tends to be relatively uniform 
in type, and that modified tuberculosis presents, not uniformity, but an 
infinite variety in its manifestations, then it becomes probable that the 
uniformity of the natural type depends upon the absence of some factor 
which is present in varying degrees in the modified tuberculosis; and it 
is permissible to postulate that this factor must exist in the form of 
resistance to tuberculous invasion, since it is associated with the more 
benign and chronic phases of the disease. 

The essential problem, then, is as to the nature of this resistance to 
tuberculosis. Thisisnotanewproblem. It isa problem which has been 
raised again and again by statisticians and epidemiologists, and is still 
a question on which authorities are divided. But it may perhaps be 
claimed that, while it has been exhaustively considered from the point 
of view of mortality tables and curves, the problem has not as yet been 
adequately investigated in terms of clinical type. 

As has been so clearly pointed out by Dublin in a recent publication, 
two conflicting theories have been evolved to account for the wide 
variations in tuberculosis mortality, the theory of hereditary predis- 
position on the one hand, and of environmental adaptation on the other. 
While the facts of variation in mortality may be interpreted to suit 
either of these theories, the facts of variation in clinical type are much 
more stubborn. 

It is obvious, for instance, that the theory of hereditary predisposition 
cannot easily be reconciled with the undoubted tendency to the natural 
or nonresistant types of tuberculous disease in children and adolescents, 
and with the prevalence of the modified or resistant types in adults, 
since inborn factors should be equally operative in the young and in 
the old. 

On the other hand, it is clearly in favor of the theory of environmental 
adaptation that the resistant types are invariably associated with age- 
groups and racial groups in which there has been sufficient time and 
opportunity for environmental factors to become operative. 
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If hereditary characters play a part, as may well be the case, their 
modus operandi must necessarily take the form of a greater or lower 
potentiality for adaptation to environmental factors; and we may, 
therefore, concentrate our attention, for the time being, upon the question 
of environment in relation to tuberculosis. And, in turning to this 
question in relation to a bacterial disease, it will be advantageous to 
consider environment under two aspects: as it affects the distribution 
of bacteria in relation to human individuals, on the one hand; and, as it 
affects the survival and proliferation of bacteria in human tissues on 
the other. uae 

Now we have seen that natural tuberculosis is only met with, in its 
typical form, in the infants and young children of civilized communities 
and in primitive man; in other words, only in those human groups in 
which the antecedent presence of tubercle bacilli in the tissues may, for 
practical purposes, be excluded. That this premise is permissible is 
shown by the fact that, in both these groups, the application of the 
Pirquet tuberculin test invariably reveals but a negligible percentage of 
positive reactions. 

So, in considering the pathogenesis of natural tuberculosis in relation 
to environment, we should turn first to those factors which are calcu- 
lated to influence the distribution of tubercle bacilli in the immediate 
surroundings of the human individuals at risk. It is convenient to 
express this idea in the following terms: 


For those persons who are relatively free from antecedent infection, the factor 
of prime importance in tuberculosis is the infective potential of their environment. 


For such persons the “infective potential of the environment”’ really 
depends on the number of tubercle bacilli which are liable to be brought 
into contact with the respiratory and alimentary surfaces of the indi- 
vidual at risk in a given time. In attempting to estimate the effects of 
varying doses of infective bacilli upon the subsequent fate of the infected 
subject, we are obliged to turn to animal experiments in, which we are, 
to some extent, able to control the factors at issue. 


DOSAGE IN INFECTION 


For an ideal experiment it is desirable that absolutely standard animals 
should be used, and that all the environmental factors except the infective 
dose should be identical, while the doses should vary on absolutely con- 
stant and predetermined lines. Unhappily, these conditions are difficult 
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or impossible to attain; but some approximation has been made to them 
in recent experiments both in America and England. Soper and Quincy 
have made important contributions to the subject in the Trudeau reports 
and the author, too, has carried out numerous experiments with guinea 
pigs during the past three years. The results of these investigations 
strongly suggest the following conclusions which I venture to reproduce 
for their bearing upon the problem at issue. 


1: Small infective doses produce neither marked disease nor appreciably 
enhanced resistance against subsequent infection. 

2: Large infective doses may produce fatal disease, or, short of producing 
fatal disease, may produce such extensive lesions that there is a marked liability 
to fatal reactivation of the disease on subsequent reinfection. 

3: Between these extremes there appears to lie a zone of optimum dosage 
which leads to benign lesions and a definitely augmented resistance against 
reinfection. 


If results of this kind can be obtained with such susceptible animals as 
guinea pigs, it seems justifiable to hope that for human beings the tuber- 
culous infection which appears almost inevitable under the conditions of 
civilized life may at least be favorably modified and kept within optimum 
limits and that, with increasing efficiency in our sanitary organizations, 
we may look forward to a steady increase of the number of resistant 
persons in our midst, with a corresponding fall in the morbidity and 
mortality rates from tuberculosis. That such factors have been opera- 
tive throughout our recent industrial history can hardly be doubted. 
But, while we have reason to think that infection may, under certain 
conditions, act in a relatively benign fashion, the end-results of un- 
controlled infection, as we see them in our hospitals and laboratories, are 
lamentable in the extreme; and it behooves us to examine this question 
of the infective potential of our human environment in greater detail. 


PREVENTION OF TUBERCULOSIS 


For infants and young children, the elements of our populations liable 
to the natural type of tuberculosis, life is practically confined to the 
home; and it is in the home-environment that we must seek for and 
correct the danger. Here the sources of a high infective potential are 
restricted to infective relatives or associates within the home or to 
infective milk brought into the home. The task of the sanitarian, 
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therefore, would be relatively simple were it not for the human difficulties 
inseparable from family life. | 

Much may yet be accomplished on the lines of the Grancher system, 
and much by improving the conditions in infected homes to such an 
extent that the bacillary content of the environment may be diluted 
and the infective potential reduced to safe limits. 


Fic. 5 


Chart showing survival period of guinea pigs infected by conjunctival instillations of 
emulsions of tubercle bacilli. The guinea pig receiving the largest dose died soonest and the 
survival period in each animal varied according to dosage. This result can best be obtained 
in guinea pigs by infecting them through a natural portal of entry, such as the conjunctiva. 
The first guinea pig, which died nine weeks after infection, received 5,500,000 bacilli; the 
second guinea pig, which died in twenty weeks, received 617,000; and the third, which lived 
twenty-three weeks, received 206,000 bacilli. 


Fic. 6 


England and Wales, 1921, mortality of females from pulmonary tubercle and from dis- 
seminated tubercle. The figures indicate that “natural tuberculosis,” represented above by 
the ‘‘disseminated tuberculosis’ death-rate, is a disease of childhood for the most part; whereas 
“modified tuberculosis,” as represented by the pulmonary type, is a disease chiefly occurring 
jn adult life. 

Fic. 7 


Breconshire, Wales: The tuberculosis death-rate per 100,000 population, in each sex living 
at each age, in the decennia, 1851-1860 and 1901-1910. It will be seen that in this rural 
area the young-adult type of tuberculosis death-rate was prevalent in the past as well as 
lately. Though the mortality has fallen considerably, the age distribution is still of the 
young-adult type approximating to natural tuberculosis. 


Fic. 8 


Glamorganshire, Wales: The tuberculosis death-rate per 100,000 population, in each sex 
living at each age, in the decennia, 1851-1860 and 1901-1910. In this highly industrialized 
area there was a decided tendency to a middle-age type of tuberculosis death-rate even as far 
back as 1851-1860, but it was accompanied by considerable prevalence of the young-adult 
type as well. It will be seen that by 1901-1910 the death-rate has fallen considerably, 
especially in the earlier years of life. The curve has become characteristic with the modified 
type of tuberculosis prevalent in industrial communities. 


Fic. 9 


Cardiganshire, Wales: The tuberculosis death-rate per 100,000 population in each sex 
living at each age, in the decennia, 1851-1860 and 1901-1910. In Cardiganshire, in the 
midperiod of the last century, intensely rural communities were mixed up with an industrial 
population attracted to the lead mines being worked in the county. This combination of 
agricultural and industrial groupings may account for the saddleback type of curve with 
peaks, especially for males, in young-adult life and also in later middle-age. It will be 
observed that while the death-rate has fallen to a marked extent, the saddleback type is still 
apparent in 1901-1910. : 
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But, for many homes, the great hope for the future would appear to 
lie in the possibility of the deliberate protection of the newly-born 
children with accurately known doses of attenuated bacilli, on the lines 
of Calmette’s BCG vaccine. 

When we turn from natural to modified tuberculosis, however, we are 
obliged to consider, not only the factors influencing the infective poten- 
tial of the environment, but nearly all the material elements of the 
environment as well, since the latter are calculated to react upon the 
behavior of the tubercle bacilli in the infected tissues. To express this 
in convenient terms, it may be said that: 

“For those persons rendered relatively resistant by antecedent infec- 
tion, the environmental factors of prime importance are those which are 
calculated to alter their resistance.”” Among those it will be generally 
admitted that fatigue, underfeeding, occupational or physiological 
strain, intercurrent illness and exposure to harmful trade-products, play 
a réle of prime importance. 

Let us think, for a moment, of the individuals constituting our indus- 
trial communities. We know, from recruiting statistics computed during 
the war, that one or two adult males in every hundred in such com- 
munities are, without knowing it, suffering from clinically diagnosable 
tuberculosis. There are many others who know themselves to be 
infected but are obliged to go on working while they can; in order to 
support their families. And, again, there must be numerous incipient 
cases not yet diagnosable but so heavily infected as to be approaching 
the clinical level. And we know, from tuberculin tests, that nearly every 
adult is, to some extent, infected, though the majority are likely to 
remain all their lives free from manifest disease. 

It is upon this fact of previous infection that the prevalence of modified 
tuberculosis in the community depends; and it will depend, not only on 
the degree of their previous infection, but also upon the standard of life 
and occupational conditions of each individual, whether his tuberculosis 
shall assume a relatively unfavorable or a relatively benign type, or 
perhaps be modified out of existence. Nor must it be forgotten that, 
apart from favorable or bad standards of life, exposure to massive re- 
infection must have peculiar dangers for persons with dormant tuber- 
culous foci in their tissues and organs. It can hardly be doubted that 
allergic reactions to superinfection, while often protective, play a part 
also in the pathogenesis of the pulmonary phthisis of adult life. So, 
therefore, in ‘“‘modified”’ as well as in “natural’’ tuberculosis, the infective 
potential of the environment must be taken into account. 
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In this Biggs Memorial Tuberculosis Lecture, a lecture dedicated to 
the memory of one whose life work was a long and successful struggle 
against preventable disease, it is fitting that stress should be laid on 
the bearing of these studies in clinical type upon the prevention of 
tuberculosis. 

If I have succeeded in establishing my thesis as to the rough differen- 
tiation of tuberculosis into “natural” and ‘‘modified” phases, then it will 
be admitted that, for those age-groups and for those racial or cultural 
groups in which natural tuberculosis prevails, the main object of the 
sanitarian must be to reduce the infective potential of the environment 
within safe limits. 

To this end, a.close study of the conditions of life.in any given com- 
munity, as they bear upon the quantitative factor in infection, is a 
necessary preliminary to a successful antituberculosis campaign. 

Even agricultural communities differ in respect of these conditions. 
Mr. W. R. Bowen, working as a student in the Geographical Department 
of University College, Aberystyth, has recently called attention to the 
influence of old racial cultures upon the rural life of South West Wales 
to-day and the bearing of this question on tuberculosis mortality. He 
finds that the “moorland” type of dark-haired dolichocephalic Welsh 
country folk in Cardiganshire, Calmarthenshire and Pembrokeshire, 
retaining the old system of widely separated and isolated farms, ex- 
hibits, in its natural surroundings, a much more marked tendency to a 
“young adult” tuberculosis death-rate than the fair-haired villagers of 
Anglo-Saxon stock, whose habitations are grouped around a manor 
or a church, ‘and whose land-tenure still reflects the three-field system 
of England in the Middle Ages. On the other hand, the dark-haired 
long-heads when they move to the mining areas adapt themselves to 
industrial life more successfully than the fair-haired blue-eyed villagers: 
a finding which is so curious as to merit the closest study. 

It is necessary to approach these problems by finding out, as far as 
possible, the distribution, not only of tuberculous disease, but of, tuber- 
culous infection in such communities. The contrast, in this respect, 
between the results of tuberculin tests, as recorded by Drolet in New 
York on the one hand and by my colleagues, A. Carveth Johnson and A. 
Distaso in the village of Bronllys, Wales, on the other, points to the 
impossibility of arguing from one community to another. Drolet, for 
instance, finds that there is just as high a percentage of tuberculin 
“positives” among the children of healthy parents as among those of 
tuberculous parents under the conditions of life obtaining in a great 
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city, where in multi-family tenements or public schools daily contact 
with large numbers of “neighbors” and strangers is the rule. Johnson 
and Distaso, however, found that, in the families where contact with 
infection was known to prevail, 100 per cent of the children gave a posi- 
tive reaction, while in the families free from known contact with infec- 
tion only 14 per cent of the children and only 27 per cent of the whole 
number tested, including parents, gave a positive reaction. It is sig- 
nificant that in Brecknockshire, the county in which Bronllys village 
is situated, the young adult type of tuberculosis death-rate is prevalent 
for both sexes. Nothing could illustrate more clearly than this com- 
parison the vast difference between an intensely urban and a typically 
rural community in relation to the distribution of tuberculous infection. 

In the towns, with their higher standard of wages, with their com- 
petitive element in social life and the efficiency of their sanitary arrange- 
ments and health propaganda, the infective potential falls even in the 
infected homes so that the danger of home-association is diminished; 
but on the other hand, the large number of human beings per acre, the 
inevitable and constant intercourse or at least contact with strangers, 
the linking up of human elements in offices, shops, factories, trams, 
trains and streets, leads to a rise of the infective potential outside the 
home so that the children of healthy parents are as liable to some degree 
of infection as those of infected parents. 

In the country, or at least in the more primitive and remote areas 
of agricultural type, the hygiene of the home is poor in the extreme. Life 
is spent, for the most part, out of doors during the day time, so that 
there is not the same necessity to render the home bright and pleasant 
asin the towns. But at night the little houses are crowded, the windows 
seldom open, the hygiene primitive in every respect. If an infected 
person is present, the infective potential within the home may be ex- 
tremely high; and it will be almost impossible to escape a fairly high- 
grade infection with tubercle bacilli. On the other hand, the oppor- 
tunities. for infection outside the infected home are almost nil. Unin- 
fected houses may be just as overcrowded, just as insanitary, as infected 
ones, but the tubercle bacillus is absent and the children remain negative 
to Pirquet tests. And, at the same time, they remain almost unpro- 
tected against tuberculous infection, and liable to take the disease in a 
form approximating to “natural” tuberculosis if and when they quit 
their country homes and seek employment in the towns. 

Instances frequently come to my notice of such cases returning to their 
old home to die,—with the result that their brothers and sisters, or even 
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their parents, perish with them. The problem, in such communities, 
is simple in plan though difficult in execution. It resolves itself into 
diminishing the infective potential in the infected home. ‘Remove the 
infected parent from the children; remove the children from the infected 
parent; improve the home conditions, so as to dilute infection to safe 
limits,” —if you can! 

But these rural communities are remote in place, backward in culture 
and financially too poor to afford ideal health services; and family affec- 
tion is deep and strong, too strong to permit easily of the breaking of 
family ties. 

There is a brighter side to the picture, however. In those cases in 
which the right measures can be applied, they are singularly successful. 
‘ There is good healthy stock to work .on, and the open-air life of the 
countryside as a background. Under these circumstances there is every 
hope for the infected if they can be sheltered from continued repetition 
of infection and fed well, clothed well and kept from the towns. Outside 
the infected home the environmental factors are favorable. It is re- 
markable how well the country patients get on when they leave our 
Welsh sanatoria and return to their own places. Their future prospects 
are about 20 per cent better than those of patients returning to urban 
conditions. So much for the problem as it exists in rural areas. 

For the towns, while the home conditions are usually better than in 
country places, the environmental conditions outside the home are 
infinitely worse. The good wages which raise the standard of life at 
home must be earned in crowded offices, in ill-ventilated workrooms, 
perhaps in the dust-laden atmosphere of the firebrick factory or the 
cutlery industry. 

And then there is the desperate competition to obtain and retain 
remunerative work; the temptation to find solace from the day’s monot- 
onous effort in the night life in a great city, with its inevitable reaction 
on health. In the cities, while we must never relax our efforts to lower 
the infective potential for all and especially for the young, we have an 
endless task in attempting to raise the standard of life for the infected 
population, whose disease can only be kept latent by providing them 
with the conditions which make for successful resistance against their 
own local lesions. 

The breakdown of the infected town-dweller is a greater sanitary 
disaster than the breakdown of the country-dweller because, while the 
latter tends to develop a severe and rapidly fatal form of the disease, 
confining him to his home for the few months or years of its duration, 
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the former tends to be the more benign phases of “‘modified’’ tubercu- 
losis, and is likely to be an “‘open case”’ with sufficient health to attend 
his office or place of business for twenty years or more, a menace to his 
children at home and to his fellow citizens in their daily tasks unless 
properly educated and trained. 

In approaching tuberculosis, then, from this biological standpoint of 
variation in clinical type, we find, on the one hand, a clue to the well- 
known variations in tuberculosis mortality as well as a suggestive line 
for the direction of our preventive measures. The first result of a fresh 
industrial agglomeration is a raising of the infective potential of tuber- 
culosis within the new community and a rise in the tuberculosis mortality, 
especially in early adult life. 

The next result, discernible within a few quinquennial periods, is a 
modification in the prevalent clinical type tending to a swing of the 
maximum mortality toward middle age. 

And, at last, the tuberculosis death-rate falls more and more rapidly 
as the community becomes stable and the population generally both 
infected and resistant. 

A new influx of workers, a re-sorting of the population through some 
industrial development or through the national ferment of a great 
war, and a rise in the tuberculosis death-rate will inevitably follow: 
stability of the conditions of life means an adaption of the population to 
its infective potential and a steady fall in the tuberculosis mortality. 
Loss of stability invariably spells increase in tuberculosis morbidity and 
mortality. ; 

It is sometimes suggested that the acceptance of these views as to the 
vast importance of acquired resistance in the fall of the tuberculosis 
death-rate is tantamount to a negation of the value of sanitary effort. 
Nothing could be more untrue. 

Nature works on a vast scale for the benefit of the race, and nature’s 
method is apparent in the unconscious adaptation of man to his invisible 
as well as to his visible environment. But the admission that natural 
processes are at work is no argument against the need for human effort. 
It is rather a definite indication as to the form which our efforts should 
take. The wise physician does, not deny the via mediatrix naturae or 
claim that his drugs are to be regarded as a substitute for it. He not 
only admits it but exploits it, and helps his patients to recover instead 
of pretending to cure them. 

So, in preventive medicine, the sanitarian must find, in nature’s 
methods, the clue to a successful war against disease. 
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BRONCHOGRAMS IN THE STUDY OF PULMONARY 
DISEASE}? 


JAMES ALEXANDER MILLER anp EDWARD PERCY EGLEE 


Since the introduction of roentgenology in the study of pulmonary 
disease the effort to map out the bronchial tree more definitely by the 
introduction of some substance opaque to the X-ray has been made by 
various investigators. Chevalier Jackson (1) first suggested the use of 
bismuth in 1905. Lynah and Stewart (5) state that Yankauer intro- 
duced iodine through the bronchoscope in 1917. Weingaertner (3) 
used thorium oxidate in 1919, and in 1920 and 1921 Lynah (4) and 
Stewart (5) studied abscess of the lung by the introduction of bismuth 
subcarbonate in oil through the bronchoscope. These efforts, however, 
were limited in extent and the method was not generally adopted. 

It was in 1922 that Sicard and Forestier and Leroux (6) first used 
lipiodol for this purpose, and the recent interest in the subject is largely 
due to the impulse which their investigations and those of other French 
clinicians gave to this method of study. Since that time many other 
observers have been using lipiodol for the production of bronchograms, 
and this substance appears to be in many ways superior to any of the 
others which have been advocated for this purpose. 

Lipiodol is 40 per cent iodine in poppy-seed oil, is nonirritating and 
practically nontoxic, and gives a very definite and sharp shadow in the 
roentgenogram. Similar iodine products are iodipin of the Germans 
and the iodumbrin of the Danes, and more recently Landau (17) and 
Dryoff (29) have advocated an oil in which bromine is substituted for 
iodine, which is called contrastol. 

All of these substances appear to be similar in character and in action 
to lipiodol, which latter substance is the one that has been more generally 
employed and is the one we have used exclusively in our studies. 


1From the Tuberculosis Division of Bellevue Hospital, New York City. 
2 Presented at the forty-third annual meeting of the American Climatological and Clinical 
Association, Philadelphia, September 28, 1926. 
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METHODS OF INTRODUCTION 


Various methods of introducing the oil into the bronchial tree have 
been suggested. The first and the simplest is supralaryngeal instillation. 
By this method the oil is very slowly and carefully dropped into the 
larynx from above, with or without the aid of the reflecting mirror. 

A second method is intralaryngeal instillation, by which the oil is 
introduced directly into the larynx by means of the ordinary long, curved 
intralaryngeal syringe. 

The third method, which has been developed and advocated particu- 
larly by the French observers, is infralaryngeal injection by means of 
puncture of the trachea through the cricothyroid membrane. This is 
done under local anaesthesia with a special curved needle devised for 
the purpose. 

Bronchoscopic instillation was a method first suggested by Chevalier 
Jackson and Lynah, and, of course, requires the skill of a trained broncho- 
scopist. 

More recently Iglauer (34) has devised an ingenious method of injecting 
the oil by a modified intubation tube, and, lastly, Nather (21) (22) has 
suggested a very simple deglutition method, which is strongly recom- 
mended by Ochsner (38), by which the oil is simply swallowed into the 
trachea after the normal deglutition reflex has been inhibited by thorough 
local anaesthesia. 

Experience with most of these methods and a review of the literature 
emphasize the fact that good results-can be obtained by any of these 
methods and that each observer is apt to employ the one with which he 
is most familiar and most successful. It is to be noted, however, that 
the instillation of the oil above or into the larynx can only be done with 
the patient in a sitting position, and consequently its use is limited to 
those cases in which the lower lobes are desired to be visualized. Bron- 
choscopic instillation enables one to place the opaque substance at will 
in any portion of the bronchial tree. This is, of course, a great advan- 
tage, which is, however, offset by the disadvantage of the bronchoscopic 
procedure which necessitates a highly trained worker and consequently 
limits its general use. 

The intubation method also requires a certain amount of skill, in 
which a laryngologist would be particularly adept. 

The deglutition method, if it is as simple as described, would appear 
to have many advantages, in that it could, theoretically at least, be 
used by any careful clinician. 
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Our experience has been mainly with the intralaryngeal and infra- 
laryngeal methods, and we have also had some cases in which supra- 
laryngeal instillation was employed, and also not a few of our cases have 
been injected through the bronchoscope by Dr. John Kernan and his 
associates at Bellevue Hospital. 


INDICATIONS FOR THE USE OF BRONCHOGRAMS 


The method is useful in the study of normal lungs and would probably 
have its value in furthering our knowledge of the physiology of respira- f 
tion, as has already been indicated by the work of Ballon (26). — 

It may give valuable information in cases of stenosis of the trachea _  § 
and bronchi or in distortion and displacement of these viscera, in the 
study of asthma, in the localization of bronchopulmonary and external 
pulmonary fistulae, in the study of chronic bronchitis, in certain types 
of peribronchial inflammatory infiltrations, and particularly in the dif- 
ferential diagnosis of these two latter conditions from bronchiectasis 
(see figures 9 and 10). In some cases of tumor of the lung it may give 
valuable information, especially in determining constriction of the 
bronchi and localization of the growth. Abscess of the lung may also 
be studied by this method to advantage from the standpoints of locali- 
zation, communication with a bronchus and the extent of the process 
(see figures 12 and 13). . 

In pulmonary tuberculosis it is particularly valuable in the determina- 
tion of cavities, and the differentiation of cavities from certain other 
annular shadows with which they may be confused and from localized 
pneumothoraces simulating cavities (see figure 11). It also gives a very 
beautiful picture of the amount of destruction of tissue and the extent 
to which bronchiectasis, as well as other small cavities, may have Leen 
formed, concerning which the ordinary X-ray photograph may give 
very little information. 

In addition to this, it is of considerable value following operation for 
thoracoplastic collapse in pulmonary tuberculosis, in that it may outline 
the cavities which may remain and which are hidden in the ordinary 
X-ray because of the density of the surrounding tissue, thus giving 
valuable information as to these cavities and the pathological conditions 
which may explain failures or imperfect results. 

It is, however, in bronchiectasis that this method of study has thus 
far been of the very greatest importance and value. In this condition, 
both for the diagnosis of its presence and for a determination of the ex- 
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tent of the lesions, it is by far the best method that has yet been devised 
(see figures 1 and 2). The pictures that are obtained are beautiful and 
very characteristic, and particularly when the lesions are mainly behind 
the heart shadow or below the level of the diaphragmatic shadow, they 
demonstrate lesions very clearly which otherwise defy detection (see 
figures 4 and 8). 

Another great advantage is the ability to detect the presence or ab- 
sence of lesions in the opposite lung in cases in which surgical treatment 
is under consideration for a presumably unilateral bronchiectasis. 


TECHNIQUE 


The first question to be decided is whether the use of this method is 
likely to give any useful additional information. During the experimental 
period, of course, it has been used in many cases simply in order to acquire 
facility in technique. Inasmuch as there is apparently very little danger 
from its use, this is quite justified and is, in fact, the only way in which 
anyone can first become conversant with the method. 

However, after the technique of administration has been acquired, 
it would appear to us that the cases in which its use is indicated are 
comparatively limited. In many cases in which the conditions above 
outlined exist, no further information than that already available by 
more ordinary methods can be expected from the use of bronchograms, 
but when the diagnosis is obscure and some pulmonary or bronchial 
condition is strongly suspected, or when the location of the lesion or its 
exact character and extent are doubtful, or when some of the symptoms 
are unexplained, there can be no reasonable objection to the use of this 
method and often very brilliant and satisfactory results are obtained. 

Having decided to obtain a bronchogram, the next consideration is 
the choice of the method. In general, any individual will obtain better 
results with the method with which he is familiar, but it is desirable if 
one is to make bronchograms frequently that he be conversant with 
several of these methods so that the one best adapted to the particular 
case may be employed. If the study of the lower lobes is all that is 
desired, the simpler methods of supralaryngeal instillation, intralaryngeal 
instillation or the deglutition method are those of choice. If the upper 
lobes are to be visualized, the injections must be made with the patient 
in the recumbent position and inclined in the direction in which the oil 
is desired to flow. For this purpose the infralaryngeal method, the 
direct use of the bronchoscope, or possibly the intubation method of 
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Iglauer or the deglutition method may be used. By most observers the 
infralaryngeal method of injection has been the one most frequently 
employed for the visualization of the upper lobes. 

When definite localization of the oil in a small area is desired or when 
difficulty is encountered in directing it to the desired place because of 
obstruction of the air-passages from any cause, the bronchoscopic 
method is undoubtedly preferable. 

It frequently happens that, when one method has first been tried un- 
successfully, if another is employed a very successful bronchogram may 
be obtained. 

By whatever method the oil is injected, all observers agree that the 
most advantageous amount of oil to be used is from 10 to 20 cc. Some 
observers put the maximum as 40 cc. In our experience this amount is 
very apt to cause an overfilling of the bronchial tree, with a consequent 
obscuration of the bronchogram that may defeat its purpose. 

On the other hand, one is frequently impressed by the very definite 
information which the injection of even 5 cc. of oil may give. 

Local anaesthesia is usually necessary in all methods, but if the patient 
has a tolerant throat this is frequently unnecessary, particularly by the 
supralaryngeal method of administration. 

In a great majority of cases with a moderate degree of experience very 
successful pictures of the bronchial tree can be obtained with very little 
or no discomfort to the patient. 

It is important to examine the patient by the X-ray as soon as possible » 
after the oil is introduced, first by the fluoroscope in order to make sure 
that the oil is in the location desired, and also because this method of 
examination will frequently give you information which the films will 
not show. Immediately after fluoroscopy the films should be taken, if 
possible before the patient has had an opportunity to cough. Stereo- 
scopic and lateral films are very valuable and often indispensable to a 
proper interpretation of the condition. On account of the necessity for 
immediate examination after injection, it is desirable to have the in- ‘ 
jections made in the same room or closely adjacent to the X-ray ap- 
paratus. 


ELIMINATION OF THE IODINE 


The densities shown by the X-ray persist on an average of ten days 
or two weeks in some form or another, but sometimes they last for many 
weeks, and after a short time they cause very curious shadows which 
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might very easily lead to errors in diagnosis if the knowledge of their 
causation was lacking. 

Coughing leads to a dispersion of the iodine-oil to various parts of the 
chest, and in such curious ways that the interpretation of these later 
shadows is of no value as far as knowledge of the pathological condition 
is concerned. 

Forestier states that elimination of iodine through the urine occurs 
as long as the shadows in the lung persist. It is our experience that the 
iodine test in the urine becomes negative after six or seven days, even 
though the shadows are still present in the lung. 


INTERPRETATION OF THE BRONCHOGRAMS 


This requires a good deal of experience and study, and it is our feeling 
that considerably more experience is necessary before our knowledge of 
bronchograms may be termed exact and perfect. The classical club-like 
shadows of multiple bronchiectasis, sometimes described as a cluster of 
grapes, are pathognomonic of the condition (see figure 2). In many 
cases, however, the bronchial shadows are not of this definite appearance 
but are distinctly broader than those usually obtained in the normal 
subject. 

It is our feeling that many of the peribronchial infiltrations due to 
nontuberculous disease in the lower lobes show this condition, which 
may indicate a very early tendency toward bronchiectasis not otherwise 
to be suspected, but this is certainly not always the true interpretation 
of such shadows which may possibly be normal under some conditions. 
The delineation of the air-passages showing stenoses and deflections 
from the normal is quite characteristic and easy of interpretation. The 
same thing is true of various fistulae. 

In pulmonary tuberculosis the picture is apt to be very complicated, 
particularly in the more advanced cases in which a variety of pathological 
conditions is to be expected, such as cavitation, bronchiectasis, peri- 
bronchical infiltration, etc. It is to be emphasized that frequently 
where known cavities exist it is very difficult, if not impossible, to get 
the oil into these cavities. Sometimes simply a drop of oil may reach a 
cavity and be shown freely movable in it (see figure 11), and for diagnostic 
purposes this is just as significant as though a considerable portion of oil 
were introduced into it. 

In abscess of the lung it is our experience that it is particularly 
difficult to introduce oil into the abscess cavity, probably because of 
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partial occlusion of the opening into the bronchus by inspissated pus. 
In such cases the sharp discontinuance of the bronchogram and the 
failure to visualize the affected portion of the lung, while the surrounding 
normal lung is entirely visualized, may be quite as diagnostic as when 
the lesions themselves are sharply visualized as in the case of bronchi- 
ectasis (see figures 14 and 15). 

The same thing is true in the majority of tumors of the lung, in which 
the area of the lesion fails to show the oil, but in these cases often a con- 
striction of the bronchus may be nicely visualized. 

In many cases there will be a difficulty if not an impossibility of 
accurate interpretation, even when a good bronchogram has been ob- 
tained. It is our practice to attach no importance to bronchograms 
unless they possess very definite characteristics and deviations from the 
normal. It may very well be that longer experience will enable us to 
make finer points of distinction. 


DISADVANTAGES AND DANGERS 


1: Iodine Poisoning: This apparently very rarely occurs with the use 
of lipiodol, and when it does it appears to be due more to absorption . 
of oil which has been allowed to get into the stomach than from absorp- 
tion from the bronchial mucous membrane itself. Armand-Delille and 
Moncrieff (11) report a case of acute iodism and oedema of the larynx. 
Landau (17) reports two cases of mild iodism. 

In our experience with several hundred injections we have had two 
cases of what appears to have been iodism. In one there was an ery- 
thematous rash all over the body ten days after the injection, which 
persisted for about a week. In the second case a very acute toxic 
erythema with oedema was produced, involving the greater part of the 
body with tremendous swelling of the face. These symptoms came on 
ten days after injection, and were accompanied by mild fever and marked 
discomfort, and persisted about ten days. Most observers ~— abso- 
lutely no toxic effects from the use of lipiodol. 

2: It is reported by some observers, Belfield and Rolnick (37), that 
the oil is not absorbed from the tissues, and that consequently chronic 
irritation and inflammation may result. These observers were working 
with the genital tract. As far as the bronchial tree is concerned, there 
does not seem to be any marked persistence of oil in the tissues, and no 
evidence of any deleterious effects has been observed. Even in cases 
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in which the shadows have persisted for several months there have been 
no untoward symptoms or discomfort of any sort. 

3: A possible source of danger is the scattering of infection by means 
of the lipiodol when it is coughed to various normal parts of the lungs. 
That this dissemination of the oil occurs is easily demonstrated (see 
figure 16). It suggests the possibility of infection, as in abscess of the 
lung or tuberculosis, being spread to normal lung tissue: We have not 
observed any such accident, but Lichtwitz (36) reports an acute extension 
in a case of pulmonary tuberculosis and advises against its use in this 
disease. Armand-Delille (9) and Sergent and Cottenot (8) also warn 
of this danger. 

4: One fatal case must be reported in our experience, however. This 
occurred from the injection of lipiodol into a thoracic sinus persisting 
after operation for abscess of the lung. This was done in order to vis- 
ualize the sinus tract. An hour after the injection an acute cerebral 
attack occurred, with coma and convulsions, which was diagnosed as 
cerebral embolism. No autopsy was allowed, but it seems quite possible 
that in such a case the oil might have reached the blood-stream. While 
it is possible for any abscess of the lung to cause a cerebral embolus, the 
connecton between the injection of the lipiodol and this particular 
accident seemed too close to be entirely unrelated to it. 

5: Leroux and Bouchet (16) report a case of gangrenous cellulitis 
of the neck, which followed the injection of the lipiodol through the 
cricothyroid membrane. It is quite easy to infiltrate the soft tissues, 
and in a number of our cases a good deal of oil was demonstrated by the 
X-ray surrounding the point of introduction. We have never seen any 
very great discomfort from this faulty technique except in one case, in 
which there was a considerable amount of local swelling accompanied 
by stridulous breathing and dyspnoea lasting for several hours. During 
this time it even seemed that tracheotomy might be necessary, but after 
a few hours the symptoms entirely disappeared and the subsequent 
course was uneventful. In the several other cases in which this accident 
occurred there were no symptoms whatever and gradually after several 
weeks the oil appeared to have been absorbed. Thus, while this is 
faulty technique and an undesirable occurrence, it apparently is capable 
of doing little or no harm. The same may be said of the swallowing of 
the oil into the stomach. It is possible that if a good deal is swallowed, 
lavage may be indicated to avoid the possibility of iodism, but we have 
never had to resort to this measure. 
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6: Another real disadvantage is the rapid change in the X-ray picture 
caused by the movements of cough and respiration, to which allusion 
has already been made (see figure 16). Sometimes before plates can 
be taken the whole bronchogram has changed its character entirely. 
Consequently an immediate examination by the fluoroscope is desirable 
and important. 

7: Another remote disadvantage is the persistence of the shadows and 
the consequent possibility of wrong diagnosis in the interpretation of 
these shadows by subsequent observers. This is at most not serious 
and is only temporary (see figure 17). 

In general, it may be said that there is very little discomfort, danger 
or disadvantage in the use of this method, and those that we have en- 
countered have not militated at all toward preventing our using it freely 
when the indications for its use are definite. 


POSSIBLE THERAPEUTIC VALUE 


Several observers (Burrell and Melville (25), Jacobaeus (28), Lorey 
(20), Armand-Delille and Gelston (9), Nicaud and Dolfus (13), 
Abramowitsch and Tichomirow (31), and Ochsner (38) ) have reported 
symptomatic improvement after the intrabronchial injection of lipiodol. 

This is noted particularly in the relief of cough and expectoration in 
cases of chronic bronchitis, asthma and bronchiectasis. We have our- 
selves noted several such instances of temporary improvement, and it 
may be that periodic injections of lipiodol may prove to be of some thera- 
peutic value in these conditions. 


-SUMMARY 


1. The use of the bronchogram is of great value in the study of certain 
conditions of the chest and is practically free from danger, with the 
reservation of a remote possibility of risk in tuberculosis. 

2. It is especially valuable in the diagnosis and study of bronchiectasis, 
particularly in lesions situated behind the heart and below the level of 
the diaphragmatic shadow. 

3. It is of real value in a certain limited number of cases of tubercu- 
losis, and in the differentiation of cavities, open pneumothoraces and 
associated bronchiectasis. It is useful after thoracoplasty in giving a 
clearer picture of the shadows which may remain hidden in ordinary 
X-rays. 
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4, It has great value in the demarcation of the course of both external 
and bronchopulmonary fistulae, but one fatal accident in our experience 
would indicate a possible danger of cerebral embolism in such cases. 

5. Stenoses of the bronchi and trachea are brought out very clearly 


by this method. 

6. It is sometimes of value in the localization and diagnosis of abscess 
of the lung and tumor of the lung, but in most cases of these diseases, 
as well as in the case of asthma, bronchitis and the majority of the cases 
of pulmonary tuberculosis, it gives very little new knowledge. 

7. All of the various methods of administration which have been above 
described may be used to advantage and it is desirable that anyone 
should be proficient in at least two or three of them. 

8. The use of bronchograms should be limited to conditions in which 
they are likely to give information which is not obtainable by ordinary 
roentgenograms. ‘There is at present a tendency to use them rather 
indiscriminately, and consequently in a considerable number of these 
cases they probably give no new knowledge. Greater accuracy in the 
interpretation of the shadows and more exact determination of the 
pathology represented is to be expected with further experience. 
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Fig 2. 
Fic. 1. CASE oF EXTENSIVE BILATERAL MULTIPLE BRONCHIECTASIS 


Uninjected 


Fic. 2. SAME CASE As Fic. 1 AFTER INJECTION 


Shows typical bunch-of-grapes lesions and the extensive involvement behind the heart 
and diaphragmatic shadows which are not evident in the film of the uninjected bronchi 
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Fic. 3. Fic. 4. 
Fic. 3. BEFORE INJECTION 


Diagnosis of abscess of the lung made from the symptoms, but the location was*not determined 


Fic. 4. SAME CASE As Fic. 3 AFTER LIPIODOL 


Shows multiple bronchiectasis in the left lower lobe, principally behind heart shadow. This patient was operated upon and this diagnosis 
‘onfirmed and he was eventually cured. 
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Fic. 6. 


Fic. 5. BEFORE INJECTION 
Clinical diagnosis was chronic abscess of the lung 


Fic. 6. SAME CASE AS Fic. 5 AFTER LIPIODOL 


Shows the correct diagnosis to be localized multiple bronchiectasis 
32 
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Fic. 8. 


Fic. 7. BEFORE LIPIODOL 


No definite cause of very marked symptoms was discovered in the chest 


Fic. 8. SAME CASE AS Fic. 7 AFTER LIPIODOL 
Very extensive bronchiectases behind the heart were beautifully demonstrated 
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Fic. 11. 
Fic. 11. CAsE or ADVANCED PULMONARY TUBERCULOSIS 


Injection shows a single globule of oil in a cavity in the upper lobe, thus differentiating it 


from a pneumothorax. 


The injection also shows numerous bronchiectases in the lower lobe. 
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Fic. 13. 
Fic. 12. CHronic PULMONARY ABSCESS OF THE RIGHT UPPER LOBE 
Fic. 13. SAME CASE AS Fic. 12. 
The injection outlines the extensive multilocular nature of the abscess cavity 
36 
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Fic. 15 


Fic. 14. BEFrorE Lrpropo1 
Shows a large lung abscess with fluid level 
Fic. 15. Case As Fic. 14 Arter LIPIopoL 
Shows the failure of the oil to fill the abscess cavity, a frequent occurrence in this condition 
37 
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Fic. 17. 
Fic. 16. SAME CASE As Fics. 14 anp 15 ONE Day LATER 
Showing diffuse dissemination of the lipiodol shadows 


Fic. 17. Same Case As Fics. 14, 15 anp 16 THREE Montus LATER 


This shows the long persistence of the lipiodo! shadows in some cases, with the consequent 
danger of their misinterpretation, as they often closely simulate the densities of pulmonary 
tuberculosis 
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TUBERCULOSIS OF THE BUCCAL MUCOUS MEMBRANE! 
E. H. RUBIN 


Tuberculous involvement of the mucous membrane of the mouth and 
pharynx is considered a rare manifestation of the disease. In view of the 
frequency of pulmonary tuberculosis and the opportunities for auto- 
inoculation with tubercle bacilli from the sputum, it is surprising that 
only 1 or 2 per cent of phthisical patients develop such a complication. 
In the earlier stages of the disease, the occurrence seems even more 
unlikely. An analysis of approximately 5,000 patients with pulmonary 
tuberculosis admitted to the Tuberculosis Division of the Montefiore 
Hospital in the last thirteen years, including 315 who came to autopsy, 
reveals oral or pharyngeal involvement in 72, or 1.44 per cent. Sta- 
tistical reports by other investigators give approximately a similar 
incidence. 

PRIMARY AND SECONDARY FORMS 


In describing tuberculosis of the mouth or pharynx two forms of the 
disease are recognized; one, primary, and the other a secondary invasion 
from tuberculous foci elsewhere in the body. The primary form is 
theoretically possible through the introduction into the mouth of instru- 
ments, utensils or food contaminated with tubercle bacilli. For prac- 
tical purposes this form can be disregarded. Many of the primary cases 
that have been reported were found on careful examination to have had 
tuberculous foci in regional lymph nodes or pulmonary tuberculosis that 
had escaped recognition. In some instances the occurrence of an ulcera- 
tion in the mouth or pharynx was the first clinical indication, which led 
to the discovery of coexisting pulmonary disease. Secondary involve- 
ment from the lungs, larynx or lymphatic system is the form usually 
encountered, and is the one which will be considered in this paper. 


AGE AND SEX INCIDENCE 


The disease does not show any limitations as to age of patients. 
Five were under twenty and four over sixty years of age, the youngest 


‘From the Tuberculosis Division of the Montefiore Hospital, New York City, Dr 
Maurice Fishberg, Chief of Service. 
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being seventeen and the oldest sixty-four. Instances of pharyngeal 
tuberculosis have been recorded in infants and children, but the majority 
are found at between twenty and fifty years. Pharyngeal and oral 
tuberculosis is said to occur more often in men than in women in the 
_ proportion of four to one. Since the lesions are frequently multiple in 
nature, involving structures in the mouth and pharynx, the relative inci- 
dence of each type of lesion in the two sexes can be estimated only 
roughly. Allowing for the total number of admissions of each sex, we 
obtained a ratio of men and women in cases with pharyngeal tuberculosis 
of 1.5 to 1, and in the cases with oral tuberculosis of 3 to 1. There is no 
adequate explanation for the differences observed in the two sexes, but 
it is believed that the greater opportunity for local trauma, through 
chewing, smoking and various occupations, accounts for the greater 
frequency in the male sex. 


PATHOLOGICAL VARIETIES 


The pathological characters of tuberculosis that is encountered in 
the mouth and pharynx depend to some degree upon the parts involved, 
although there are several types that may be encountered in any portion 
of the oropharyngeal cavity. The latter are (1) the ulcerative, (2) the 


miliary and (3) the infiltrative forms. The rarer are (1) granulomata, 
(2) tuberculous fissures, (3) cold abscesses and (4) lupus vulgaris. _ 

The ulcerative form is the commonest variety of tuberculosis of the 
mouth and pharynx. It may begin as miliary tubercles, which caseate 
and leave shallow ulcers occasionally surrounded by so called ‘‘sentinel 
tubercles” that have not undergone ulceration. Such ulcers are fre- 
quently seen on the posterior pharyngeal wall and palate. In one case 
it was noted that the ulcers were preceded by opalescent vesicles involv- 
ing the dorsum of the tongue, uvula and buccal mucosa, which later 
became ulcerated. Carmody (1) has seen several of such cases involving 
the tongue that began as blisters and later became ulcerated. At other 
times, the ulcer makes its first clinical appearance as such, either on the 
lip or anterior portion of the tongue. Occasionally ulcerations are 
preceded by a diffuse infiltration of the mucosa, giving the appearance of 
a simple acute pharyngitis, and may be so diagnosed until subsequent 
ulceration reveals its tuberculous nature. A typical tuberculous ulcer 
is superficial, with little or no induration, is covered with a grayish 
exudate, and has been aptly described as having a ‘“‘mouse-eaten”’ 
appearanec. 
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Occasionally the pharynx and less often the mouth are involved as part 
of a systemic miliary spread of the disease. The characteristic grayish 
tubercles are found more often at postmortem examination, but are 
occasionally detected during life before they reach the stage of ulceration 
if the patient survives long enough to allow a study of the condition. 
Several cases have been described in which miliary tuberculosis of the 
pharynx was the only clinical evidence of the disease. The infiltrative 
form is rarely seen alone, ulceration being present at some point or other. 
With this condition there is an associated oedema and pallor of the 
mucous membrane. 

Of the four rarer forms that have been mentioned, only two were en- 
countered in this study; namely, a case of furrowed ulcerations of the 
dorsum and right side of the tongue in which there were also ulcerations 
about the tonsils and palate, and a case of tuberculoma involving the 
floor of the mouth and frenum of the tongue. The tumor in the latter 
case was removed, and microscopic sections confirmed the diagnosis. 
Several cases of cold abscesses of the tongue and lupus vulgaris of the 
skin of the face, with secondary extension to the mouth, have been 
described. These forms of tuberculosis are extremely rare. 

The microscopic appearances of the various forms of tuberculosis are 
obtainable in text-books of pathology, and extensive descriptions need 
not be repeated here. The primary unit is the tubercle consisting of 
one or more giant cells, epithelioid and round-cell infiltration. In a 
considerable number of pathological specimens that had been stained 
by the Ziehl-Neelsen method tubercle bacilli were demonstrable in the 
tissues and in some cases in great abundance. 


TUBERCULOSIS OF THE LIPS 


Tuberculosis of the lips is considered the rarest of all types of oral 
tuberculosis (2), and single cases have been reported. In our series, 
6 patients (five men and one woman) had tuberculous involvement of 
one or both lips or the labial commissures. Three of these came to our 
personal observation. Pathological specimens were obtained in four, 
and three of these showed the characteristic tubercle formation, while 
one specimen, stained by the Ziehl-Neelsen method, revealed large ~ 
numbers of tubercle bacilli in the tissues. One of the patients gave a 
history of local trauma from a tooth, and another had a leukoplakia, 
where subsequently a superficial ulceration developed and a biopsy 
specimen showed it to be tuberculous. Local trauma and leukoplakia 
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have been reported in the literature as possible etiological factors in 
mouth tuberculosis by producing a locus minorts resistentiae for tubercle 
bacilli to lodge. However, such predisposing conditions favor endogenic 
spread as well as exogenic inoculation by sputum, the route of infection 
that is generally accepted. That endogenic spread is possible is illus- 
trated by two other patients who, in the course of a miliary spread of 
their disease, showed superficial ulcerations involving both lips and 
cheeks, and in one of these patients the tongue and pharynx also. In 
another case there were superficial ulcerations at both labial commissures. 
The three patients died within ten days after the appearance of ulcera- 
tions. The labial ulcer in another patient, whose lung was only moder- 
ately involved, was diagnosed as an epithelioma, but because of the 
lung condition tuberculosis could not be excluded. Fifteen sputum 
examinations failed to reveal tubercle bacilli; a biopsy showed it to be 
tuberculous. 


TUBERCULOSIS OF THE TONGUE 


Tuberculous involvement of the tongue is also considered a rare 
manifestation of the disease. Scott (3), in a careful search of the litera- 
ture, was able to collect 231 cases of lingual tuberculosis up to 1916. 
Since then the Finneys (4) have reported 15, Morrow and Miller (5) 
16, Handfield-Jones (6) 17, and isolated cases of rarer forms have 
appeared in the Italian literature. Our records include 16 cases, in 
which the tongue was implicated either alone or in combination with 
tuberculous ulcerations in other parts of the mouth or pharynx. This 
does not include 12 patients who showed ulcerations at the base of the 
tongue in association with laryngeal tuberculosis. In the latter group 
the upper portion of the oesophagus, tonsils and pharynx were fre- 
quently involved in the process, which was probably due either to spread 
through the tissues by direct extension or by means of the lymphatics 
or through both routes. In ten of these cases the condition was recog- 
nized at postmortem examination. 

Of 8 cases, in which the tongue alone was involved, the tip was found 
ulcerated in three, the dorsum in three and the borders in two. The 
ulcers were single in 7 of these 8 cases. In the other 8 cases, in which 
there were associated ulcerations in other parts of the mouth or pharynx, 
the lesions were more often multiple, involving all parts of the tongue. 
The indolent nature of tuberculous ulcerations on the tongue is quite 
characteristic. One patient that came under our observation developed 
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Fic. 1. TuBERcuLous ULcER oF Lower Lip 


Patient has advanced pulmonary tuberculosis 


Fic. 2. TUBERCULOSIS OF COMMISSURE OF Lip DEVELOPING ON LEUCOPLAKIA 


Biopsy specimen revealed tuberculous granulation tissue. Patient has advanced pul- 
monary tuberculosis. 


Fic. 3. LARGE TuBERCULOUS ULCER oF TONGUE 
Biopsy specimen revealed tubercle bacilli in tissues. Patient has advanced pulmonary 
tuberculosis. (Courtesy of Dr. Schwatt.) 
Fic. 4. EXTENSIVE ULCERATIONS OF LARYNX AND EPIGLOTTIS, WITH EXTENSION TO BASE 
oF TONGUE, PHARYNX, TONSILS, UPPER END oF OESOPHAGUS AND TRACHEA 
43 
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a lesion on the margin of the tongue that resembled a tuberculous ulcer 
and was so diagnosed by an attending physician. Its readiness in 
healing without medication supported the probable etiology of trauma 
from a tooth which was considered in the differential diagnosis. 


TUBERCULOSIS OF THE CHEEKS, GUMS AND FLOOR OF THE MOUTH 


In only one instance was the cheek involved without evidence of 
ulceration in the rest of the oropharyngeal cavity. Its tuberculous 
etiology was confirmed by microscopic study. In 4 other cases, in which 
the mucous membrane lining of the cheek was involved, there were 
extensive ulcerations in other parts of the mouth or pharynx. Two 
patients are on record as having had ulcerative lesions of the upper 
gum, one in the region of the upper right molar and the other in the 
region of the upper right canine tooth. In both instances there were 
concomitant lesions elsewhere in the buccal cavity. The anterior floor 
of the mouth was involved in a tuberculous process in two patients, 
the lesions including the tongue also. In one of these there were super- 
ficial ulcerations at the base of the anterior portion of the mouth and an 
ulcer about 1 cm. in diameter on the superior anterior aspect of the 
tongue. In the other a tuberculoma occupied a position on the floor of 
the mouth and ventral surface and frenum of the tongue. Pathological 
specimens were obtained from both patients. 


TUBERCULOSIS OF THE PALATE, UVULA AND PILLARS OF THE FAUCES 


The hard and soft palate, uvula and pillars of the fauces are frequently 
involved, together with the pharyngeal tonsils. In the majority of 
instances the lesions are multiple and ulcerated, and present a mouse- 
eaten appearance. At the onset the picture may be that of an acute 
pharyngitis or of an acute miliary dissemination. If the patient lives 
long enough, ulceration occurs, and by the time the patient’s condition 
is recognized there are present extensive superficial ulcerations over the 
various structures of the mouth and pharynx, and the character of the 
initial lesion can only be surmised from the solitary “‘sentinel tubercles” 
or the congested appearance of the uninvolved portions of the mucous 
membrane. Patients with pulmonary tuberculosis occasionally give a 
history of onset with symptoms referable to the throat. If a careful 
chest examination is not made at the time, the lung lesion may escape 
recognition. Such cases have been reported by otolaryngologists as 
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having primary tuberculosis of the mouth or pharynx. One patient, 
who came to our observation with an ulcer of the throat, was treated 
first by cauterization and later with salvarsan before the pulmonary 
lesion was diagnosed. Physical examination on admission to the hospital 
revealed an advanced pulmonary tuberculosis involving both lungs, 
ulcerations of the larynx, uvula, left tonsil and pillars. He died two weeks 
later, and necropsy confirmed the tuberculous etiology of the lesions of 
the throat and lungs. 


TUBERCULOSIS OF THE PHARYNX 


In only 4 patients was it clinically recorded that the posterior or 
lateral walls of the pharynx were involved without there being ulcera- 
tions elsewhere in the buccal cavity. In three others the lesions were 
only observed at postmortem examinations. In the former group the 
lesions were all ulcerative in character, while in the latter group two 
showed proliferative miliary tubercles below the mucous membrane and 
the third of this group presented several small ulcers in the laryngo- 
pharynx. In association with lesions elsewhere in the buccal cavity 
pharyngeal implication was recorded in 15 patients. 


TUBERCULOSIS OF THE TONSILS 


A great deal has been written about tonsillar tuberculosis as regards 
the primary type of the disease and the possible réle of the tonsils as a 
portal of entry of tubercle bacilli into the body. It has been variously 
estimated that approximately 6 per cent of the tonsils that are removed 
at operation from clinically nontuberculous individuals show evidences 
of tuberculosis. Our interest centres about the frequency of the disease 
in patients having pulmonary tuberculosis. An analysis of the patho- 
logical findings of 252 neck organs of tuberculous patients that were 
examined postmortem showed tonsillar involvement in 83, or about 33 
per cent. Visible tonsillar ulcerations during life are recorded in 19 
patients. 

Latent tuberculosis may exist in tonsils that appear hypertrophied, 
atrophied or of normal size. Their gross appearance gives no clue of 
the presence or absence of tuberculous foci within the substance of 
the gland. In ‘the majority of patients with advanced tuberculosis the 
tonsils are small, “cryptic”? and scarred; in some they are hardly dis- 
cernible. Occasionally there is atrophy of one tonsil, corresponding to 
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the side of the lungs that is more involved. In cases in which the tonsils 
have been found enlarged and pulpy, postmortem examination often 
showed extensive caseation, with many pus cells within the sub- 
stance of the gland. The small and “cryptic” tonsils contained pro- 
liferative miliary tubercles and an abundance of lymphoid tissue. 

The frequency, with which latent tuberculosis of the tonsils is found 
in patients having pulmonary tuberculosis without symptoms or altera- 
tions in their macroscopic appearance, is of considerable clinical impor- 
tance. The problem has a direct bearing upon operative interference 
in such individuals. It is not at all infrequent for a-patient with pul- 
monary tuberculosis to trace the onset of his illness to an operation on 
the nose or throat. Many give a history of having been discharged from 
sanatoria with quiescent or apparently arrested disease of their lungs, 
with a subsequent lighting up of their process after the performance of 
such operations. Such patients often develop a rapid and progressive 
form of the disease and sometimes a generalized miliary dissemination. 
Fishberg (7) has noted that, following surgical removal of the tonsils, 
the larynx especially is liable to become implicated in the tuberculous 
process. 


AVENUES OF INFECTION 


It has been mentioned previously that tuberculosis of the mouth and 
pharynx is, with few exceptions, due to secondary implantation from 
foci elsewhere in the body. The problem is whether such infection 
can be attributed to a direct inoculation of the mucosa with tubercle 
bacilli from the sputum or to circulatory transmission of the virus either 
by way of the blood or the lymphatics. Although it is practically im- 
possible to prove in any given case that the one or the other pathway 
was the route taken, certain facts that can be deduced only from a study 
of a large number of cases present themselves as tending to favor the 
circulatory route as the more frequent of the two. This view is contrary 
to the generally accepted belief, which favors direct inoculation with 
sputum as the method of infection. In either case it must be conceded 
that there are certain inherent properties of the mucous-membrane lining 
of the mouth and pharynx that inhibit implantation and growth of the 
tubercle bacillus. Factors that may contribute to the relative immunity 
of the mouth and pharynx to the development of tuberculosis are the 
motion of the organs, salivation, the presence of saprophytic micro- 
organisms, and the nature of the tissues themselves, since striated muscle 
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and stratified epithelium are known to possess a strong resistance to 
invasion by the tubercle bacillus. 

The infrequency with which the mouth or pharynx are involved is in 
itself strong evidence against the view of direct inoculation. In spite 
of the fact that patients in whom such lesions are encountered are, with 
few exceptions, in the last stages of the disease, and that these patients 
are constantly expectorating large numbers of tubercle bacilli, one finds 
that few of them develop the infection in the mouth or pharynx. Circu- 
latory transmission of the virus explains the multiplicity of lesions and 
the clinical evidences of exacerbation of the disease in the lungs or of 
extrapulmonic invasion that frequently becomes manifest at the same 
time. It is rare to see a case at autopsy which presents solely a mouth 
or pharyngeal lesion complicating the pulmonary disease. In 89 per 
cent of our patients there were evidences of tuberculous involvement of 
other parts of the body, while of those who came to autopsy there was 
not a single case in which extrapulmonic lesions were not present. Circu- 
latory transmission also explains the occurrence of mouth or pharyngeal 
tuberculosis in the terminal forms of miliary tuberculosis that are super- 


imposed on a chronic process or the haematogenic spread of the disease’ 


from a latent focus in a lymph node or bone. Occasionally one sees a 
patient with pulmonary tuberculosis with mouth or pharyngeal ulcera- 
tions who: does not show tubercle bacilli in the sputum by the usual 
laboratory means of examination. One such case is included in this 
series. On 15 occasions the sputum was found negative for tubercle 
bacilli, but a biopsy showed the ulcer on the lip to be tuberculous. Such 
instances, as well as those of the so called primary forms of mouth tuber- 
culosis in which pulmonary disease is detected later, give added support 
to the circulatory route of infection. 

If inoculation with the sputum were common it would be expected 
that infections would occur more frequently in those parts of the mouth 
that are most subject to trauma, such as the lips, gums and margins of 
the tongue. In reality, these parts are less often involved than the 
pharynx, the pillars of the fauces and the palate. In exceptionally few 
cases is a history of trauma obtainable where subsequently a single 
ulcer developed. The poor hygienic conditions prevailing in the mouths 
of tuberculosis patients is well known and has been recently made the 
subject of a study by Cipes (8), who based his findings on the same 
clinical material upon which this study was made. In spite of such 
favorable conditions infection with tubercle bacilli is uncommon. 
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Fishberg (9) has been quite impressed with the fact that although opera- 
tions on the teeth and extractions are carried out frequently on tuber- 
culosis patients, no heed is paid to the possibility of autoinoculation 
with tubercle bacilli, for by experience it has been found that such 
occurrences are extremely rare. 

Little if any attention has been directed to the possible réle of laryngeal 
tuberculosis in the etiology of mouth or pharyngeal tuberculosis. Post- 
mortem examination riot infrequently reveals extensive ulcerations of 
the larynx and epiglottis, with extension of the process to the pharynx, 
base of the tongue, tonsils, and occasionally to the upper part of the 
oesophagus. An analysis of 315 autopsies revealed the following inci- 
dence of laryngeal tuberculosis: In 252 autopsies in which the neck organs 
were examined, laryngeal tuberculosis was noted in 131 or 52 per cent. 
In 63 patients who came to autopsy but whose neck organs were not ex- 
amined, there were recorded diagnoses of laryngeal involvement, based 
on clinical and laryngoscopic findings, in 10, or 16 per cent. Allowing 
for the low incidence in the second group, which can be partly explained 
by the inclusion of cases in this series that showed chronic pulmonary 
tuberculosis in association with nontuberculous diseases and partly: by 
the lack of incentive to remove the neck organs when their involvement 
was not suspected, the corrected incidence of laryngeal tuberculosis that 
occurred at postmortem examination of the tuberculous patients in this 
study is approximately 45 per cent. A similar incidence is reported by 
several other observers. 

It is of interest to compare with the above findings the frequency of 
laryngeal implication in patients presenting pharyngeal or mouth tuber- 
culosis. In 27 autopsies, in which the pharynx or mouth was involved, 
laryngeal tuberculosis was recorded in 25, or 93 per cent. Two patients 
had generalized miliary tuberculosis in which the larynx apparently 
remained free from the disease. Forty-seven patients, who had mouth 
or pharyngeal tuberculosis but who did not come to autopsy, showed 
clinically and on laryngoscopic examination laryngeal implication in 71 
per cent. The incidence of laryngeal tuberculosis in the presence of 
pharyngeal or oral involvement is therefore approximately 80 per cent. 

The greater incidence of laryngeal tuberculosis in those patients who 
present lesions in the mouth or pharynx is quite striking. Moreover, it 
seems that the nearer the parts involved are to the larynx the greater 
is the likelihood of laryngeal disease, so that patients with labial tuber- 
culosis are less likely to have laryngeal implication than those having 
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pharyngeal tuberculosis. Indeed, it is quite uncommon to see a patient 
with pharyngeal tuberculosis without laryngeal implication. These 
observations suggest the possibility that the process in the larynx may 
become a source of further infection by contact and direct extension Si 
through the tissues. In this mechanism the lymphatics may play a part. 1" 
The predilection of tubercle bacilli for lymphatic tissues, the occurrence a 
of retrograde extension, and the anatomical arrangement for lymphatic i 
drainage of the various structures of the mouth, pharynx, and larynx a 
favor this pathway of infection. 


SYMPTOMATOLOGY 


The symptoms of tuberculous involvement of the buccal mucous mem- 
brane are not characteristic, and depend upon the site involved. They 
may even be entirely overshadowed by the presence of disease elsewhere 
in the body, especially in the larynx and intestines. Frequently the 
symptoms which these complications produce are so distressing that the 
patient, for the time, gives little thought to his mouth condition, and 
may even fail to direct the physician’s attention to its presence. We 
believe that a considerably greater number of lesions in the mouth or 
pharynx could be disclosed were a more careful search made for them. 
Their greater incidence during the period in which this study was made 
supports this opinion. 


Tuberculosis of the pharynx is, as a rule, associated with a great deal 
of pain, which is often excruciating in character. The pain is constant, 
radiates to the neck and ears, and is especially severe upon swallowing. 
For this reason patients will often starve themselves or subsist on fluids 
only. The frequent complication of laryngeal tuberculosis with this 
condition makes it a dreadful ordeal for the patient. Tuberculosis of 
the tongue is characterized by symptoms of soreness or burning in the 
mouth, increased salivation, or a feeling of dryness. When the ulcera- 
tion is more extensive there may be considerable pain, and the patient 
has difficulty in deglutition and in speaking. Labial involvement may 
give little or no discomfort to the patient. 


DIAGNOSIS 


The diagnosis of tuberculosis in the mouth or pharynx is not difficult 
in the majority of instances, since the presence of tuberculosis elsewhere 
in the body is at once suggestive of a similar etiology. It can be safely 
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assumed that an ulceration in the mouth or pharynx in a patient with 
advanced pulmonary tuberculosis of the nature described previously 
is tuberculous unless it is proved otherwise. In several cases in which 
the diagnosis was in doubt, a biopsy usually confirmed the tuberculous 
origin of the lesion. ‘The specimens of tissue, when stained by the Ziehl- 
Neelsen method, frequently revealed large numbers of tubercle bacilli. 
The rarer forms, such as tuberculomata and cold abscesses, may require 


TABLE 1 
Contrasting physical signs of four types of ulcer 


TUBERCULOUS TRAUMATIC SYPHILITIC NEOPLASTIC 


.| Shallow Varied Deep Deep 
Yellowish-gray | Pinkish-yellow | Gray Dirty gray 
Sinuous and not} Indurated Ragged and un-| Raised and 
undermined dermined everted 
Sloping Sloping Punched out Ragged and 
sloping 
Pale yellow | Sloughing Yellowish-gray | Necrotic 
granulations slough 
Induration..........| Nil* Present, not | Present Marked 
marked 
Pain and tenderness..| Very marked | Marked None Slight, some- 
times referred, 
pain severe 
Local causes........ .| Nil Dental caries, | None Unknown 
etc. 
Other causes Fissures, senti- | Nil Leukoplakia Nil 
nel tubercles 
and pulmo- 
nary tuber- 
culosis 


* Present with the onset of secondary infection. 


additional study before a diagnosis is made. Traumatic ulcerative 
lesions may be diagnosed by eliciting a history of trauma, as from a 
jagged tooth, but of more importance is the readiness with which such 
lesions heal, with or without treatment. Inasmuch as tuberculosis 
is so prevalent, it is possible for a tuberculous individual to develop a 
syphilitic or malignant ulceration, and such cases areon record. A micro- 
scopic study of a piece of tissue, which should be also stained for patho- 
genic microdrganisms, may be the only way of deciding the diagnosis. 
Handfield-Jones (10) gives diagnostic criteria, as shown in table 1, to 
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differentiate ulcerous lesions that may be encountered in the mouth 
with special reference to the tongue. 


PROGNOSIS 


When a patient with active pulmonary tuberculosis shows manifesta- 
tions of the disease in the pharynx, the prognosis is hopeless, and indicates 
a fatal issue in afew weeks. Patients with extensive lingual involvement 
suffer the same fate, although their course may be less rapid. Single 
ulcers on the lip or tongue may remain in an indolent state for a con- 
siderable period, and the patient may run the full course of his pulmonary 
disease. When several ulcerations appear on the tongue or lip coincident 
with lesions elsewhere in the buccal cavity, the prognosis becomes grave. 

Tuberculosis of the buccal mucous membrane occurs, with few excep- 
tions, in the late stages of pulmonary tuberculosis or in acute generalized 
miliary dissemination. The disease is usually complicated by laryngeal, 
intestinal or other involvement, and the local manifestation merely 
represents a terminal dissemination of the tubercle bacillus throughout 
the body. In the last analysis, and this is true whenever tuberculosis 
as a disease is considered, the deciding factors are the state of resistance 
of the individual and the virulence of the tubercle bacillus. Tubercle 
bacilli have been found in the blood-stream of tuberculosis patients with 
no-signs of generalized tissue invasion, and the microérganism is present 
in the mouth of such individuals without any apparent ill effects. When 
the vitality of the patient becomes low the bacillus may attack the tissues, 
either through the circulation or by direct inoculation, but more com- 
monly by the former channel. The bad prognosis in such cases is there- 
fore obvious. 


TREATMENT 


Symptomatic relief is the most that one can hope to accomplish when 
tuberculosis involves the pharynx or shows widespread dissemination 
throughout the buccal cavity. A number of remedial agents have been 
recommended, but they have been found of little avail in checking the 
progress of the disease. The electrocautery or the local application 
of caustics, such as silver nitrate, trichloracetic acid and lactic acid, 
have been used. In patients presenting single ulcers on the lip or tongue, 
strong silver-nitrate applications are occasionally of benefit. Use has 
also been made of the Alpine lamp, as well as roentgen-rays and radium, 
but it seems preferable to disturb these patients as little as possible and, 
if pain is present, to relieve it with appropriate doses of morphine. 
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TUBERCULOUS STRICTURE OF THE OESOPHAGUS 
Report of a Case! 


PORTER P. VINSON anp HERBERT E. DOBSON 


The oesophagus normally presents a strong resistance to invasion by 
the bacillus of tuberculosis. The relative rarity of tuberculous infection 
of the oesophagus is remarkable when considered in relation to the prox- 
imity of this organ to the easily invaded lungs, and the fact that its 
mucosa is so commonly bathed by infectious sputum. 

Denonvilliers (in 1837) is credited with having recorded the first case of 
oesophageal tuberculosis. Thereafter numerous alleged cases were re- 
ported from necropsy examination, but in 1893 Flexner carefully appraised 
all of these and selected only 17 histologically proved bona-fide cases. 
These were proved by the finding of tubercle bacilli in oesophageal ulcers, 
or from careful descriptions which left little doubt. Flexner classified 
these cases according to etiology: (1) those in which the tuberculous 
process arises through the continuity or contiguity of structure, as in 
ulceration of the oesophagus, from a caseous bronchial node, caries of the 
vertebrae, or from a tuberculous ulcer of the pharynx which passes down 
and invades the oesophagus, (2) those in which there was a previous 
lesion in the oesophageal mucosa, and (3) those in which the oesophagus 
is affected in the course of general disseminated miliary tuberculosis, 
or in which the infection of the mucosa occurs from tuberculous sputum , 
although no previous lesion existed. 

Von Shrétter should be credited with making the first diagnosis of 
oesophageal tuberculosis in a living human being. He believed that the 
lesion, as observed through the oesophagoscope, was syphilitic in origin, 
but microscopic examination of a small portion proved its tuberculous 
nature. Guisez examined 6 cases by means of the oesophagoscope. He 
distinguished three forms: (1) the secondary type, arising from perfora- 
tion from tuberculous nodes, the lesion being near the bronchial bifurca- 
tion, (2) the ulcerous form, which is probably most common, but is seldom 
seen because it occurs late, when oesophagoscopy is contraindicated be- 


1 From the Mayo Clinic, Rochester, Minnesota. 
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cause of the patient’s weakened condition, and (3) the tumourous type 
(von Shrétter’s type) which is rare and can probably be diagnosed with 
certainty only by examination of excised fragments. 

Dean and Gregg reviewed part of the literature on tuberculosis, carcin- 
oma and syphilis of the oesophagus and report a case in which all three 
diseases coexisted. Tuberculosis and carcinoma were demonstrated 
microscopically on biopsy, and syphilis on the therapeutic test. The 
patient made definite improvement on antisyphilitic treatment. They 
reviewed 69 cases of probable tuberculous stenosis. 

The following case is of interest from the standpoint of diagnosis and 


management. 
Report of Case 


A man, aged 46, merchant by occupation, whose family and marital history 
had no apparent relationship to his trouble, presented himself for examination 
November 30, 1926, complaining of dysphagia of five months’ duration. In 
1922 he had suffered from influenza, which was followed three weeks later by 
pneumonia. He had been confined to bed for two weeks, and during convales- 
cence the sputum became blood-stained and contained tubercle bacilli. Three 
weeks after the onset of the pneumonia an ischiorectal abscess and fistula-in-ano 
developed, which, after draining for eight weeks, was promptly cured by 
operation. Thereafter the man felt very well, maintained his weight and did 
not cough. In September, 1925, he had an attack of herpes zoster, which in- 
duced weakness and moderate expectoration of sputum containing tubercle 
bacilli. There was no appreciable loss of weight, but weakness and fever per- 
sisted and the patient went to Florida for the winter. In December he had a 
cold for ten days, followed by severe sore throat and pain on swallowing solids 
or liquids. During January, 1926, a severe cough developed, which sometimes 
induced emesis and was productive of much sputum. The sore throat per- 
sisted, and the patient lost weight until May, 1926, when he entered a sana- 
torium. An ulcer was then discovered in the region of the vocal cords. During 
the first few months in the sanatorium he gained 14 pounds, and soreness dis- 
appeared from the throat. Six weeks later he began to have difficulty in swal- 
lowing, with some regurgitation of food into the nasal passages. Fluids caused 
less difficulty than solids. The dysphagia and loss of weight and strength 
gradually progressed. In October, 1926, an oesophageal stricture was found 
and dilated, and radium treatment was instituted. The patient was then able 
to swallow well for ten days. Three weeks later a second treatment by radium 
afforded slight relief from the dysphagia for two days. Twelve days later the 
cough increased and a pulmonary haemorrhage, with loss of about 120 cc. of 
blood, occurred. The temperature rose about 1.5° for five days, and the fatigue 
and weakness continued. 
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The patient was 6 feet, 1.25 inches tall, and weighed 137 pounds, 10 pounds 
less than his former usual weight. The systolic blood pressure was 124, the 
diastolic 75, the pulse rate 80, and the morning temperature 97.8°. Examina- 
tion of the chest revealed infiltration without moisture in the upper lobe of the 
right lung. Urinalysis gave essentially negative information. Haemoglobin 
estimation by the Dare method gave a normal value of 75 per cent. Erythro- 
cytes numbered 4,600,000 and leucocytes 12,400. The Wassermann reaction 


Fic. 1. TissuE REMOVED FROM OESOPHAGEAL LESION X 100 


was negative. Tubercle bacilli were found in the sputum. Roentgenological 
examination of the chest revealed extensive tuberculous involvement of both 
lungs, with cavities in the left upper lobe. A roentgenogram of the oesophagus 
demonstrated a stricture at the level of the fourth cervical vertebra. No evi- 
dence of a lesion was observed in the larynx or hypopharynx. 

On oesophagoscopic examination a pale, firm, almost cartilaginous lesion was 
found obstructing the lumen of the upper oesophagus. There was moderate 
necrosis, but little tendency to bleed, even when a specimen was removed for 
microscopic examination. It was thought that the lesion was probably tuber- 
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culous, but a malignant lesion that had been altered by irradiation was also 
considered in making the differential diagnosis. Microscopic examination of a 
specimen of removed tissue showed it to be tuberculous (figure 1). 

On December 4, 1926, dilatation of the stricture with a 38 French sound was 
accomplished without difficulty. This afforded complete relief from dysphagia, 
and the patient gained rapidly in weight and strength. On January 11 and 
February 1 the stretching was repeated. The patient was then referred to 
a sanatorium for treatment, and was advised to have a sound passed through 
the stricture whenever closure was sufficient to interfere with deglutition. As 
sounds could be passed without much trauma, this method of management was 
considered less hazardous and more comfortable to the patient than gas- 
trostomy. 
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CEREBRAL TUBERCULOSIS IN ADULTS 


Case Reports}? 


B. M. RANDOLPH anp THOMAS CAJIGAS 


The general impression received by the medical profession of a genera- 
tion ago was that tuberculosis of the brain and its membranes, except 
as a terminal feature of generalized tuberculosis, was rather peculiar 
to infancy and childhood. While those who do a large number of routine 
autoposies are aware that its occurrence in adult life is by no means 
exceptional, it may be that the frequency of adult cerebral tuberculosis 
is not adequately realized. 

The hypothesis of Roemer and his school, that tuberculosis in the 
human being is a childhood infection, that later infections are auto- 
reinfections, and that, after primary .childhood infection, there exists 
an immunity against infection from without, is not accepted to-day 
as confidently as was the case ten years ago; still, in the majority of 
cases, it seems to accord with the clinical facts. The struggle of the 
infant to deal with initial infection without the presence of acquired 
immunity seems to furnish a natural explanation of why acute and 
disseminated forms of the disease are to be met with more frequently 
in the young than in older persons, who have acquired a relative immun- 
ity through their experience in dealing with earlier infection. . 

Such earlier infection does not, however, ensure adults against the 
development of metastatic lesions of tuberculosis later in life, and, in 
view of the number of cases involving the brain and its membranes which 
have occurred in our clinic in recent years, we have thought it worth 
while to report the cases that have come under our observation. Further- i 
more, there are certain features which have appeared, which are not 
consonant with the generally accepted behavior of tuberculous infection, 
and to which we feel that attention should be drawn. 

The cases reported herewith have all occurred in the past six years. 


1 From the Departments of Clinical Medicine and Pathology, George Washington Uni- 
versity, Washington, D. C. 

2 Read before the Medical Society of the District of Columbia, Washington, D. C., March 
17, 1927. 
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Cases 


1: (Hospital no. 33,745.) Admitted May 20, 1922. White female, aged 
14, but appeared older (precocious adolescence). Negative history of family 
exposure; origin of infection not determined. Illness began three weeks before 
admission, with headache of gradual onset and increasing severity. Gravely 
ill when first seen. In stupor, with occasional generalized convulsions. There 
was an erythematous eruption on the neck, arms and legs. Respiration 
irregular. Temperature normal, except for a terminal rise to 99.6°. Pulse 
80 to 100; respirations, 20 to 22. Involuntary micturition. No satisfactory 
record of neurological examination. Urine scanty, and contained albumin. 
Leucocytes 19,400; polymorphonuclears, 93 per cent; lymphocytes, 6 per cent; 
transitionals, 1 per cent. Spinal Fluid: Wassermann negative; globulin, 4 
plus. Cell count, first tube 85, second tube 236. Tubercle bacilli recovered by 
direct smear. 

Died May 24th. Autopsy refused. 


2: (H. N. 33,764.) Admitted May 24, 1922. White female, aged 17, 
saleswoman. No history of exposure to tuberculous infection obtained. 
Health good till seven months ago; when patient began to have colds and 
headaches. Has lost six pounds in the past six months; present weight, 97 
pounds. Five days before admission had soreness in the right foot. She be- 
came hysterical, and was found to have temperature of 101°. Fever has been 
continuous since. Missed the menstrual period which was due about this 
time. Has been slightly irrational, more so at night. Complains of “hurting 
all over.” Examination: Patient is languid, but has diffuse surface hyper- 
aesthesia. Abdomen and chest negative. Neck is rigid. Pupils react to 
light and accommodation, and there is no inequality. Some photophobia. 
Fundus examination negative. Record of neurological examination incom- 
plete. Leucocytes 8400; polymorphonuclears, 86 per cent; lymphocytes, 21 
per cent; mononuclears, 1 per cent; transitionals, 1 per cent; eosinophiles, 1 
percent. Spinal Fluid: Very slight increase of pressure; fluid slightly cloudy; 
Wassermann negative. Cell count ,first tube, 69; second tube, 175; polymor- 
phonuclears, 60 per cent; lymphocytes, 40 per cent; cultures negative; tu- 
bercle bacilli found in direct smear. 

Died June 3, 1922. 


3: (H. N. 33,503; service of Dr. Stout.) White male, aged 48, shirt man- 
ufacturer. Admitted May 11, 1922. Family history negative for tuber- 
culosis. Had good health till two years ago, when he had “influenza,” 
which was followed by pleurisy with effusion. He went to Asheville for treat- 
ment. The present acute illness interrupted his journey. He had been feeling 
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poorly for some time, when there began an intolerable headache of rather 
sudden onset. Examination on admission: Temperature 100.4°; pulse 90; 
respirations 24. Expression anxious; slight photophobia; a tendency to 
somnolence. Eye Grounds: Left: Temporal half deeper in color than nasal; 
slight venous pulsation; disc is flat, and its left inferior margin is not distinct; 
no exudate; vessels clearly defined. Right: Same as left. Normal reflexes 
all present and lively. Oppenheim positive on both sides; Gordon positive, 
distinctly on left, slightly on right; Babinski positive on left. No ankle or 
knee clonus. Sensitive to pressure on calf of left leg. The symptoms of 
meningitis increased progressively. Urine: A small amount of albumin and 
a few hyaline casts. Blood: Leucocytes, 19,400; polymorphonuclears, 93 
per cent. Spinal Fluid: April 12, 1922: Slight increase of pressure; Wasser- 
mann, 2 plus; globulin, 4 plus; cell count, 35. May 15, 1922: Wassermann 
negative. May 20, 1922: Globulin, 4 plus; cells, 269; polymorphonuclears, 
35 per cent; lymphocytes, 65 per cent. Guinea pig injected, and tubercle 
bacilli recovered June 26, 1922. 
Died May 25, 1922. No autopsy. 


4: (H. N. 37,606; service of Dr. E. A. Wilson.) White female, admitted 
May 4, 1924; aged 28; fur-finisher. Family history negative for tuberculosis. 
Has had bronchial trouble since childhood, which was called asthma. Had 
influenza in 1918, which was followed by pulmonary tuberculosis. This was 
said to be cured, but patient has never been completely well since. She was 
in another hospital three weeks previous to this admission, where a spinal 
puncture was done, and the diagnosis of tuberculous meningitis made. Six 
months ago she took a ‘‘bad cold which has never gotten well.”” On February 
24, 1924, had a sudden onset of headache, which has persisted ever since. 
She complains of headache and double vision. Also has backache, which 
she attributes to a leucorrhea which has existed the past four months. The 
headache is dull with pain over the eyes, back of the head and neck. There 
is nausea and occasional vomiting. ‘‘Can’t think right.” Generalized hyper- 
aesthesia. No record of physical examination. The temperature ran an 
irregular remittent or intermittent course throughout. Blood: Leucocytes 
15,600; polymorphonuclears 88 per cent. Spinal Fluid: Pressure consider- 
ably increased; globulin plus; cells 300; polymorphonuclears 52 per cent; 
lymphocytes 46 per cent; mononuclears 2 per cent. Guinea pig inoculated; 
killed and autopsied June 9, 1924, with positive findings of tuberculosis. 

Patient died May 23, 1924. No autopsy. This case is one of secondary 
meningitis associated with pulmonary tuberculosis, and is included here only 
to illustrate the laboratory findings. 
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5: (H. N. 38,378; service of Dr. Mallory.) Admitted August 7, 1924. 
White female, aged 19, pupil nurse. One infant brother died of “brain fever.” 
No known exposure to tuberculous infection. Gives a history of “nervous 
trouble” in childhood. Had facial paralysis at 12. Sick headaches from 
time to time. About six weeks ago had a nervous attack, which was regarded 
as hysterical. Four days ago went swimming, and had backache that day. 
Onset of present illness the day of admission, with severe headache, and al- 
ternating sensations of heat and cold. On admission: Temperature 99.8°; 
pulse 78; respiration 22. For the first five days the temperature ranged 
from 99° to 101°; then increased, reaching 102°, and declined during the last 
four days of life to an intermittent type of low grade. Examination: Stra- 
bismus of left eye; double Kernig; stiffness of the neck; extreme general hyper- 
aesthesia; tongue deviates slightly to the right; all reflexes exaggerated. Eye 
Grounds: General retinal congestion and oedema; veins full and tortuous; 
outline of discs hazy; no haemorrhages. Leucocytes: maximum, 12,600; poly- 
morphonuclears, 91 per cent. Spinal Fluid: August 13; 1924: Globulin, 
4 plus; cells, 340; lymphocytes, 98 per cent; tubercle bacilli, negative. August 
14: Globulin, 4 plus; cells, 520; tubercle bacilli positive. August 15, 500 
cells; August 19, 485 cells; August 21, 285 cells; August 23, 280 cells. The 
patient’s reflex irritability gradually gave way to blunting of sensibility, with 
weakened or absent reflexes, and impaired vision. She did not exhibit the 
terminal increase in pulse-rate usually observed, the rate being 95 to 100 up 
to the end. 

She died August 25, 1924. 


6: (H. N. 40,816; service of Dr. Mallory.) Admitted July 23, 1925; white 
female; aged 39; married. Never had any illness that she knows of. Has 
had some digestive trouble which was attributed to bad teeth, and which was 
relieved to some extent by their removal. Eight pregnancies. Seven normal 
confinements, and one miscarriage. About July 1st had some headache, which 
was relieved by aspirin. On July 4th was suddenly seized with very severe 
headache, which was not relieved by anything. It became steadily worse. 
She became irrational. Saw floating specks before eyes, and developed di- 
plopia and visual hallucinations. (Later note in anamnesis: About June 1st 
left breast began to swell, and was very tender. An ointment was applied 
which gave relief, but, later, swelling appeared on side of breast, which her 
physician said was an abscess. This subsided about the end of June.) Ex- 
amination: Stuporous expression, eyes drooping. No facial paralysis. Right 
pupil is slightly larger than left, and reacts more slowly to light. Tonguecoated; 
breath foul. Neck rigid, and patient cries out with pain when head is 
flexed. Double Kernig present. No other pathological reflexes obtained. 
Temperature on admission was 100.2°. During her illness it ranged irregu- 
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larly from 99° to 103°, and there was a terminal rise to 104°. The pulse, 74 
on admission, steadily increased in rate, and at the end was running over 140. 
Respirations increased in proportion, from 20 at the beginning of her stay in 
the hospital to 40 to 50 at the end. Urine normal except for a trace of albumin. 
Blood: July 23: leucocytes, 18,400; polymorphonuclears, 81 per cent; lym- 
phocytes, 17 per cent; mononuclears, 2 per cent. July 29: leucocytes, 24,200. 
Spinal Fluid: July 23: Wassermann negative; globulin, 4 plus. Cell count, 
360; polymorphonuclears, 31 per cent; lymphocytes, 69 per cent. Tubercle 
bacilli found on direct smears. Second puncture on July 25, 1925: Cell count, 
515; polymorphonuclears, 60 per cent; lymphocytes, 40 per cent; globulin, 4 
plus. 

The patient grew steadily worse, the stupor increasing, and she died August 
1st. 


7: (H. N. 42,893.) White female, aged 56, accountant, admitted May 21, 
1926. No previous serious illness, except that in childhood she fell and hurt 
right hip. This was followed by shortening of the limb. She wore a plaster 
cast at that time for three months. In October, 1925, she fell and injured her 
right breast, which became inflamed and painful. Was operated on in January, 
1926, the inflamed mass being removed and the wound drained. Pathological 
report was to the effect that the lesion was a galactocele, and that there was 
no malignancy. The pain in the breast has persisted, and the hand and arm 
have been swollen. The morning of the day of admission she received a hy- 
podermic injection for headache. She complains of severe occipital headache, 
and recurrent vomiting. The pupils are contracted. Breathing is hurried, 
and she is somewhat dyspnoeic. Temperature 100.6°, pulse 70, respiration 
22. Patellar reflexes not obtained. May 22: The eye-balls seem prominent 
and tense, and slight pressure causes pain, more so on the left. Pupils react 
to light and accommodation. No functional disturbance of the cranial nerves. 
Coérdination good. Romberg sign positive. Mental state normal. No 
peripheral sensory disturbances elicited; no ankle clonus, Kernig or Babinski 
obtained. The right side could not be tested for Kernig’s sign because of old 
hip disease (evidently tuberculous). The temperature, which was subnormal 
on admission, had now risen to 99.4°. Leucocytes 12,000; polymorphonuclears, 
96 per cent. Eye-Grounds (Dr. Tibbetts): Right: Pupil reacts slightly to 
light and accommodation. Movements and tension normal. No cupped 
disc. Haziness of optic nerve due to swelling of fibres, more marked on nasal 
half. Vessels normal. No exudate or haemorrhage. Left: Haziness of the 
disc more marked than in right eye. Otherwise thesame. Tentative diagnosis 
at this date, intracranial lesion, probably of left side. To be considered are 
abscess, neoplasm and meningitis. Spinal Fluid (May 26): Pressure 14 mm. 
Hg. Wassermann negative. Cells, 279; polymorphonuclears, 51 per cent; 
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lymphocytes, 49 per cent. Globulin, 4 plus. Cultures and smears negative. 
May 28: Oedema of the disc without elevation in right eye. Left eye shows 
more oedema than right, and the veins are more tortuous than normal. The 
diagnosis now appeared to be tuberculous meningitis, but it was felt that 
abscess had not been excluded. As the patient was rapidly getting worse, it 
was decided to open the skull and explore. If the case was one of tuberculosis, 
it would be inevitably fatal, and, if a surgical condition, early operation was 
indicated to get the best chance of saving life and vision. We thought it 
possible that, even in the presence of tuberculosis, relief of the intracranial 
pressure might prove of benefit. May 28: Dr. Charles S. White, under 
ethylene anaesthesia, removed a large bone-flap from the left temporal region. 
Clear subdural fluid present. Brain oedematous, and bulged forcibly into the 
wound. No tubercles seen; exploration with needle revealed no abscess or 
growth. Wound closed without drainage. For the first few days after the 
operation, cerebral symptoms seemed to improve. The temperature, which 
had been ranging between 101° and 102°, declined the next day to subnormal, 
and for three days the maximum was not over 100°. The patient now de- 
veloped an acute cystitis, which for a while was her chief source of discomfort. 
June 3: Eye examination gave the impression that there was less oedema in 
both eyes than before operation, though there was still more in left than in the 
right. In the last five days the cerebral symptoms became more marked, and 
the pulse, respiratory rate and temperature increased. In the final twenty- 
four hours the temperature climbed to 106°, the pulse to 145, and the respiration 
to 52. 
She died June 7, 1926. 
Autopsy: Showed tubercle bacilli in brain substance. 
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8: (H. N. 42,903; seen with Dr. Luckett.) Admitted May 22, 1926; 
white female, aged 30, school teacher. Has had mild pulmonary tuberculosis 
for several years. Developed heavy cold three weeks ago. Following the 
cold, developed dizziness, nausea, vomiting and intense headache. Also 
rigidity of the neck, somnolence and obtunded intellect. Temperature 100.6°, 
pulse 70, respiration 20. Examination, May 23: Patient lying on left side; 
eyes and lips closed. Moans when disturbed. Resists attempts to examine 
eyes. Pupils are equal and react to light. Patellar reflexes absent. No 
Babinski or ankle clonus. Kernig positive on right; negative on left. Brud- 
zinski’s sign positive. Stiffness and some retraction of neck with pain on 
attempt to flex the head. Eye Examination: Pupils react to light and accom- 
modation, left pupil slightly less than right. No nystagmus. Marked 
limitation of movement in all directions. Both eye-grounds normal. No 
oedema of the nerve head. Area around the right disc slightly paler than in 
left eye; not pathological. (Examination followed spinal puncture with 
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removal of 60 cc. of fluid. Dr. DeSaussure.) Blood: May 22: leucocytes, 
12,200; polymorphonuclears, 94 per cent. May 24: leucocytes, 17,600. 
Chemical Examination showed no abnormality. Spinal Fluid: May 26: 
Pressure, 29 mm. Hg. Reduced to 12 mm. Hg. on removal of 50 cc. of fluid. 
Cells, 200; polymorphonuclears, 56 per cent; lymphocytes, 44 percent. Globu- 
lin, 3 plus. Kahn test negative. Smears negative for tubercle bacilli. June 
3: Cell count, 266; polymorphonuclears, 37 per cent; lymphocytes, 63 per 
cent. Bacillus tuberculosis positive in direct smears. There was an irregular 
continued fever, temperature falling to normal or below on two occasions. 
The third day before death there began a progressive rise, which reached 
106.2° the day of death. At this time the pulse was so rapid and weak it could 
not be counted. Terminal respiratory rate 40. 

The patient died June 3. No autopsy. 


9: (Studied with Dr. Rush Conklin.) Admitted November 27, 1926, 
white female, aged 28, telegraph operator, married. Complains of pain in 
head and back. Headache began several months ago; is occipital and head 
feels ‘‘as if it were being lifted off.”’ It is continuous, with acute exacerbations 
of very violent pain lasting twenty minutes or more. She knows little of 
her early life. Always of a nervous temperament. Married at 17. Her first 
husband died four years ago of galloping consumption. Had three children. 
The first died at eight months of spasms. Had pleurisy one year ago. Mar- 
ried again six months ago. One month later had a severe blow on the back of 
the head. Has had a numb sensation over the right side of the body since the 
onset of the headache. Also, the tongue is numb, with impairment of taste, 
but not of temperature sense of the tongue. Is often dizzy. The pain begins 
always in the back of the head, radiating upward and forward. Has had 
vomiting spells; has lost 18 pounds in the past month. Examination: Patient 
moaning all the time, and screaming during paroxysms of pain. There is 
spastic contraction of the right facial-nerve distribution. Reflexes diminished. 
Owing to the intense hyperaesthesia she was spared all possible handling. 
Eye Grounds: Right, normal. Left: Nerve-head hyperaemic, and fibres 
slightly swollen. Veins more dilated and tortuous than normal. No haemor- 
rhage, exudate or tubercles. December 6: Right pupil dilated and ptosis 
of right lid. Tongue deviates to the right when protruded. Patellar reflexes 
diminished. December 7: More quiet. Speech slow and somewhat thick. 
Dilatation of right pupil increased. .Photophobia present. Thighs flexed on 
abdomen. Right fundus normal. Left shows less swelling of the nerve fibres 
than before. (After spinal drainage.) December 9: Growing progressively 
weaker. Cheyne-Stokes respiration. December 11: Both pupils dilated. 
Weaker and stuporous. 

Died Dec. 12, 1926. 
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Urine normal except for a trace of albumin. Blood: November 28: Leuco- 
cytes, 10,000; polymorphonuclears, 82 per cent; lymphocytes, 18 per cent. 
December 1: Wassermann negative. December 3: Leucocytes, 17,400; poly- 
morphonuclears, 93 per cent; lymphocytes, 7 per cent. December 9: Leuco- 
cytes, 18,200; polymorphonuclears, 87 per cent; lymphocytes, 13 per cent. 
Spinal Fluid: November 28: 22 cc. removed. Pressure reduced from 25 to 8 
mm. Hg. Globulin 2 plus; cells, 335; polymorphonuclears, 63 per cent; lym- 
phocytes, 34 per cent; mononuclears 3 per cent; smears negative for tubercle 
bacilli. December 1: Pressure,75 mm. Cell count, 980; polymorphonuclears, 
78 per cent; lymphocytes, 22 per cent. Globulin, 4 plus. Tubercle bacillus 
found on direct examination. December 6: Pressure, 55 mm. Cells, 1200; 
polymorphonuclears, 93 per cent; lymphocytes, 7 per cent. 


Certain interesting points are brought out by this study: 

1: In all our cases of acute cerebral tuberculosis there has been a 
blood leucocytosis with a high polymorphonuclear percentage. The 
lowest count seen is 8,400, and the highest 24,000; the average, 15,444; 
polymorphonuclears, lowest 81 per cent, highest 96 per cent, and 
average 88 percent. In view of the general impression that tuberculous 
infection is characterized by a larger proportion of lymphoid elements 
than the normal, the observation is an important one. We have noted 
the same blood picture in acute miliary tuberculosis, and have learned 
to discount the blood count in separating other infections from acute 
tuberculosis. Lymphocytosis in tuberculosis occurs in the chronic 
types, just as it often does in chronic streptococcus infections. 

2: With a proper technique we expect to find tubercle bacilli in direct 
smears from the spinal fluid. In only two cases did we fail to find the 
microdrganism, and in these only a single spinal puncture was made. 
In the others it was found in the first or second tapping. To a certain 
extent the chances of finding the bacillus increase with the degree of 
pleocytosis. As the outcome is invariably fatal, the only practical 
value of a diagnosis before death is to establish the prognosis, and to 
save the patient futile and trying therapeutic procedures. In cases 
in which the diagnosis is not made from examination of the spinal fluid, 
guinea-pig inoculation ultimately settles the question, but, as a rule, 
this result is not obtained till after death. 

The cell count was increased in all cases, pleocytosis usually being 
more marked as the disease progressed. The relative percentage of 
polymorphonuclears varies. The lymphocytes are usually in excess, 
sometimes two to one, but in some cases this figure is reversed, the 
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polymorphonuclears predominating. The globulin content was con- 
sistently high, more or less rising with the cell count. 

3: The clinical picture of tuberculous meningitis is extremely variable. 
Almost any neurological abnormality may be present or absent. Gen- 
erally speaking, the predominating features are severe and unremitting 
headache, with fever; though in one case fever did not appear till the day 
of death, and in another not until two days after the diagnosis from the 
spinal fluid had been made. Almost always there is stiffness of the 
neck, diffuse hyperaesthesia and increased reflex irritability, but as the 
disease progresses these symptoms may rapidly disappear. 

The fever is sometimes regularly remittent, but more often it is com- 
pletely irregular, both as to degree and rhythm. The pulse is usually 
normal or slowed at the beginning, but becomes rapid as the vitality 
fails. The respiration is not accelerated in the early stages, but is so 
later. 

The eye-grounds may be negative at first, but the early examination 
usually shows evidence of increased intracranial pressure in one or both 
eyes. It is our belief that, except in those cases in which the menin- 
gitis is a terminal phenomenon in generalized tuberculosis, it arises 
from a cerebral focus already present. Autopsy in these cases does not 
usually reveal any evidence of unhealed or recent tuberculosis elsewhere 
in the body, and the clinical history supports the hypothesis that the 
meningitis arises from a cerebral focus. In case 7 tubercle bacilli were 
found in the brain substance. In a case reported by Randolph before 
the Washington Society for Nervous and Mental Diseases in 1921, 
there was gross cerebral involvement and secondary meningitis. In 
case 9 of this series the history of months of uncontrollable headache be- 
fore the development of symptoms of active meningitis indicates that 
this case almost certainly had cerebral as well as meningeal involvement. 

4: Autopsy on these subjects often reveals one large tubercle in the 
brain substance, from the size and structure of which it is apparent 
that it has existed for possibly several months. This may explain the 
long period of headaches prior to the typical onset of symptoms of 
meningitis. The meningeal involvement is always by young tubercles 
of the miliary type, widely diffuse throughout the leptomeninges and 
with accumulation of fibrin at the base of brain and distinctly a process 
of rather short duration. 


3 A case of tuberculoma of left frontal lobe of brain, AMERICAN REVIEW OF TUBERCULOSIS, 
1921, v, 665. 
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THE ORIGIN AND DISSEMINATION OF TUBERCULOSIS 
ACCORDING TO RECENT INVESTIGATIONS! 


F. NEUFELD? 


If,—-what is only too seldom done by the younger generation of bac- 
teriologists, —one peruses Koch’s paper published in 1884 on his discovery 
of the tubercle bacillus (1), one is surprised to find practically all the 
important problems engaging the attention of tuberculosis investigators 
of to-day, if not completely disposed of, at least there clearly set forth. 
Thus, the question of whether tuberculosis as a rule is transmitted by the 
bacilli entering by way of the lungs or by way of the pharynx and the 
nose; whether moist droplets or dry dust constitute the chief agent; 
whether the entrance of large numbers of bacilli has severer consequences 
than that of few bacilli; whether the germ of human tuberculosis is 
identical with that of bovine disease; and, at the same time, reference 
is made to the part played by predisposition, and to the particular 
difficulties encountered in combating tuberculosis, in consequence of its 
wide dissemination and the chronic course it takes. In reporting on: 
some of the recent experimental observations on tuberculosis, I may, 
therefore, in almost all points link up with Koch’s first investigations. 

In regard to the question of how far, besides the lungs, the nose and 
pharynx can also be considered as portals of entry of the bacillus, Koch 
at the time expressed the view that tubercle bacilli might enter at these 
latter points only in the case of epithelial lesions. As is well known, 
numerous bacteriologists have up to the present defended the view that 
the normal mucous membranes and the normal skin are impermeable to 
microérganisms; nevertheless this assertion seems to have been refuted 
by numerous old and recent experiments. Koch, however, sets forth 
two special reasons in the case of tuberculosis: (1) that otherwise it 
could not be understood why so many individuals who come into fre- 
quent contact with phthisical patients could escape infection, and (2) 
the direct penetration of the tubercle bacilli by way of the lungs must 
be regarded as the normal route “because most cases of tuberculosis 

1 Presented before the Harvey Society, New York City, October 30, 1926. 

2 Director, Koch Institute, Berlin, Germany. 
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begin in the lungs.” To-day we know, as a matter of fact, that in our 
countries most individuals in the course of their lives are infected with 
tuberculosis, As regards the second reason, it is well know how Behring, 
Calmette and others have emphatically maintained that human pul- 
monary tuberculosis is, as a rule, due to the penetration of the bacilli 
by way of the digestive tract. Even those who are not inclined to 
follow Behring’s arguments will concede that phthisis is usually the 
final phase of an infection dating back years or even decades, and that, 
therefore, the question as to where the primary focus is to be sought, and 
how it originated, requires special investigation. 

Great progress in this direction has been made by the discovery by 
Parrot and Kiiss of the “primary pulmonary complex” and its more 
intimate investigation by Albrecht, Ghon (2), and other pathologists. 
On the other hand, bacteriologists in Germany, especially Fliigge (3) (4) 
and his pupils, and Calmette (5) and Chaussé (6) in France have en- 
deavored, by means of exhaustive experimental research, to solve the 
question as to the pathways of infection, while in England the work of 
the Royal Commission on Tuberculosis, especially that of Stanley 
Griffith, has yielded important contributions on the subject. These 
researches have been completed by Bruno Lange (7) (8) in the Robert 
Koch Institute, and it appears to me that he has been successful in 
elucidating to a large extent the conflicting views of previous investiga- 
tors. 

In infecting guinea pigs and rabbits by inhalation, by feeding, by 
nasal and conjunctival instillation, and by rubbing the bacilli into the 
skin, Lange used, far more than his predecessors, exactly graduated 
doses down to the very limit of effectiveness; for only experiments with 
small quantities of bacilli may simulate a natural infection. At the same 
time, he made corresponding experiments with a number of other bac- 
teria (9), such as highly virulent streptococci and pneumococci, and the 
bacilli of anthrax, swine-erysipelas, chicken cholera, and mouse typhoid, 
which were also administered through the natural portals of entry. 
While these bacteria, when injected subcutaneously or intraperitoneally 
in even the smallest doses, acutely killed white mice, infection by inhala- 
tion, feeding, etc., gave very different results, and the outcome of these 
experiments elucidates the analogous but more complicated conditions 
in the case of tuberculosis. 

Fliigge was of opinion that, to infect animals by feeding, about one 
million times more tubercle bacilli were necessary than in the case of 
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pulmonary infection, and in this he saw one of the main arguments why 
inhalation was the most important and most frequent route of infection. 
Lange has established that guinea pigs could be infected per os with very 
small doses, exceptionally even down to 0. 000,001 mgm., which accounts 
for about 10 to 100 living bacilli. On the other hand, the subcutaneous, 
intraperitoneal and intratracheal administration of minimal quantities, 
the same which, when inoculated on a proper nutrient medium still gave 
rise to single colonies, regularly led to infection; and careful inhalation 
experiments revealed that also here apparently one single bacillus sufficed 
to produce an infection. Thus the digestive tract proved to be dis- 
tinctly less susceptible. Far more important, however, are two further 
differences. The inhaling of even single virulent bacilli regularly brings 
about an infection, and in the case of the guinea pig this infection is in 
every instance an acutely fatal one. In both respects infection by way 
of all the other mucous membranes behaves differently: in so far as no 
excessive doses (such as practically seldom come into account) are given, 
only a certain part of the animals get infected, and further, the infection 
on an average, proceeds more slowly and is less severe, it shows a tend- 
ency to take a chronic course, and sometimes it may even heal spon- 
taneously. It is, therefore, necessary to keep the guinea pigs many 
months under observation, to make frequent tuberculin tests, and to 
inoculate suspicious organs with doubtful lesions into healthy animals. 
This fundamental difference may be explained in the following way 
(10): If inhaled into the lungs the tubercle bacillus enters directly into 
a highly susceptible tissue, in which it retains all its original virulence 
and in which it rapidly develops. Therefore, in every case a typical 
focus is formed in the lungs, as well as in the corresponding lymph nodes 
(“primary complex”). In guinea pigs the infection progresses rapidly, 
and almost the same thing happens in a number of cases when quite 
young children are infected, while older children and adults even here 
show a high degree of natural resistance and, under the stimulus of the 
fully virulent and rapidly proliferating bacilli, produce powerful specific 
immunizing forces. Then the process in the latter comes to a standstill 
for the time being, and the organism retains permanently so high a 
degree of immunity that, when tubercle bacilli are afterward again 
inhaled they no more encounter a highly susceptible tissue, and so no 
other primary complex is developed. If the bacilli enter the body 
through one of the other mucous membranes or through the skin, they 
.come here into tissues possessing high natural or resisting forces from 
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the beginning. In these cases, therefore, very often no primary focus 
develops at the point where the bacilli gained admission, by far the 
greater number of the bacilli being destroyed either in the mucous mem- 
brane or in the corresponding lymph channels. This, in my opinion, is 
the chief reason why such poor results are obtained after feeding with 
small or medium doses and such irregular results even with the larger 
doses. Those bacilli, however, which escape destruction and multiply 
in the lymph nodes, are to a large extent weakened in their virulence. 
Such weakened tubercle bacilli have been found in human beings in 
cases of lupus and verrucous tuberculosis of the skin, and in the lymph 
nodes (11), and sometimes also after experimental infection. May I 
mention an observation of Lange (12)? He found in a guinea pig, 
which had been infected three months before by way of the conjunctiva, 
suspicious swellings of the cervical lymph nodes and the spleen. The 
inoculation of a healthy guinea pig with the lymph nodes remained with- 
out result; inoculation with the spleen produced, after some time, several 
small nodules, which microscopically contained many tubercle bacilli, 
but which, inoculated into another guinea pig, no longer caused disease. 
Perhaps such weakened bacilli are rather common and should be found 
often if it were not so difficult to cultivate them. 

Analogous observations have frequently been made in the case of 
mice fed or infected by way of the nose or conjunctiva with septicemic . 
bacteria, as indicated before. However, in the case of some bacteria, 
for instance pneumococci, the animals showed great resistance even 
against inhalation, a proof that the high susceptibility of the lungs in 
the case of tubercle bacilli is due not to mechanical causes but to biological 
processes. While a subcutaneous injection with the septicemic bac- 
teria always caused acute death, after infection by the natural portal 
of entry the disease often took a slow course, extending over weeks and 
months, with remissions, and then it proved difficult to recover the bac- 
teria from the organs, or occasionally one succeeded in cultivating modi- 
fied virulent strains from the lymph nodes or the spleen. Animals with 
such chronic or latent infection,—for instance, with mouse typhoid 
bacilli or streptococci,—often die acutely when injected parenterally 
with small quantities of the same bacteria, so that it is evident that 
they possess no high degree of immunity. I believe we may assume that 
the same thing holds true in the case of tuberculosis, but, of course, I 
by no means wish to maintain that tuberculosis conveyed through food 
always takes a mild course. This is not so either in the case of the guinea 
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pig or the human being as is shown by many fatal cases among children 
infected with bovine tuberculosis. I only wish to say that I believe that 
an infection by food, om an average, takes a much milder course and, 
on an average, is followed by a much weaker and shorter immunization 
than is an infection by way of the lungs. Indeed, in experiment, a 
treatment with nonvirulent bacteria frequently gives a very low immu- 
nity or no immunity at all; this has been proved not only in the case of 
streptococci and pneumococci but also in the case of tubercle bacilli. 

This view is corroborated by the observations of pathologists. 
Beitzke (13) quite recently came to the conclusion that tuberculous 
infections by way of the digestive tract in many cases do not go further 
than to the “lymphoid stage,” but are checked in the beginning and, 
therefore, do not lead to any immunization. Beitzke further asserts 
that every manifest affection of a cervical or a mesenteric lymph node 
has just the same immunizing effect as a primary pulmonary complex. 
In this, however, I am unable to follow him, for the reason that in all 
infections there are all gradations of immunity present, ranging from 
complete absence of a specific protection to the highest degree of immu- 
nity attainable in the disease in question, and therefore the same thing 
is to be assumed in the case of tuberculosis. I therefore believe that 
also manifest lymph-node affections (in contrast to a primary pulmonary 
focus) are not always followed by a sufficiently high degree of immunity 
to prevent the originating of a typical primary complex after the inhala- 
tion of tubercle bacilli. Pathologists, as is well known, generally find 
only one such focus in the lungs; and they find it very frequently, some 
authors, indeed, in over 90 per cent of all tuberculosis patients. In view 
of the frequency of mild lymph-node tuberculosis among children, it 
seems improbable that such infection should, in none of these instances, 
already have existed when tubercle bacilli were first inhaled. So far as 
I may form an opinion, I further believe that manifest lymph-node foci 
frequently heal so completely that no traces of them are visible at 
autopsy. 

Direct tuberculous infection by way of the lungs through inhalation 
accordingly occupies a special position, not because, as it was formerly 
believed, it is the most frequent, but because it is the severest form of in- 
fection. The question as to how frequently infections occur through the 
lungs as compared with the other portals of entry is difficult to answer; 
but in all probability infections by the latter paths are very numerous 
in children, and may sometimes be produced, as in guinea pigs, by but a 
few bacilli. 
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Now the bacilli of bovine tuberculosis practically never enter through 
the lungs, but nearly always through the other mucous membranes. It 
is also thought by many that they may enter through the skin and so 
cause scrofula of the lymph nodes. They have also often been found 
in cases of lupus, of tuberculosis of the bones ‘and the joints, of fatal 
meningitis and miliary tuberculosis, but only exceptionally in pulmonary 
phthisis,—altogether in 4 of about 1,000 investigated cases (14). Of 
these, one was a peasant girl and another a young butcher, people who 
probably came a good deal in contact with cattle, and who possibly 
could have inhaled bovine bacilli. From the fact that bovine infection 
is so rare in the case of pulmonary tuberculosis, may we not perhaps 
argue in favor of the assumption that this most frequent and important 
form of tuberculosis (the only one that practically at all comes into 
account in the spread of the disease from man to man) always takes its 
origin from a primary pulmonary infection and not from a focus in any 
other organ? I do not believe that we are yet in a position to give a 
final answer to this exceedingly important question. I only wish to 
point it out. 

Lange (15) has quite rightly drawn attention to the fact that it is 
necessary again to raise the question concerning the virulence of bovine 
tubercle bacilli for man: if, on the average, they cause milder forms, is 
this not simply explained by the fact that they practically always enter 
through the pharynx and the intestines? Are human beings perhaps 
just as susceptible to hovine as to human tuberculosis? Against this 
one might point to the fact that bovine infection is prevalent only in 
children, and especially in young children, who, as we know, are, on the 
whole, less resistant to tuberculosis. This argument, however, is by no 
means convincing, because it is especially children who drink a good 
deal of unboiled milk; further, we do not know to what extent adults 
are susceptible to an infection through the digestive tract, even with 
human bacilli. If we were to adopt the view that the phthisis of the 
adult, in so far as it arises from infection in childhood, always proceeds 
from an old primary pulmonary focus, the almost complete absence of 
bovine tuberculosis in the case of phthisis could be accounted for, even 
without assuming any difference in virulence. 

However this may be, we have every reason to guard our children 
against the dangers of bovine tuberculosis by suitable hygienic measures, 
above all by the pasteurization of milk. Only in the last decade have 
the important observations of Griffith (16), Hobday (17), and Fraser (18) 
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shown how extensively bovine tuberculosis is able to spread in those 
places where such measures are neglected. These observations are all 
the more important, as it is the bovine type of tuberculosis that can be 
prevented most easily by methods of public hygiene. On the other 
hand, the fact remains that so far as the most frequent and most impor- 
tant forms of human tuberculosis are concerned, bovine infection plays 
practically no rdle. 

In our Institute a good number of lupus cases have been investigated 
since 1919, and the observations have been reported by Kirchner (11); 
and other more recent ones, not yet published, have shown about 30 
per cent to be of bovine origin, a fact which, in my opinion, suggests the 
view that lupus, in most cases, may be a metastasis of an internal tuber- 
culous focus, in contrast to tuberculosis verrucosa cutis, which shows quite 
different symptoms, and apparently takes its origin from an injured skin, 
thus corresponding to the percutaneous infections of animal experiment. 

As is well known, Koch (19) in 1901, in establishing the view, held 
before him by Theobald Smith, that the infective agents of bovine and 
human tuberculosis are different from each other, not only made a sys- 
tematic investigation of the occurrence of bovine infection in human 
beings, but also added that he considered such infections to be so rare 
that no special measures against them might be necessary. Because 
of the quite justifiable opposition which this statement in his London 
lecture aroused, we should not forget how important it was that a clear 
differentiation between bovine and human tuberculosis should just at 
that time have been established and the means indicated whereby both 
types of bacilli could be distinguished with certainty by animal experi- 
ment. A year later Behring set forth his theory that all phthisis of 
adults was due to an infection contracted in childhood, and to a large 
extent to infections acquired through milk; then followed the investiga- 
tions of Roemer, Calmette and others. If, at that time, we had had no 
means of distinguishing bovine and human bacilli, we might indeed have 
believed that phthisis in our countries depended mainly upon bovine 
infection. 

As we know, it is not possible to discriminate between the two types 
by means of agglutination tests. However, Schilling and Hackenthal 
(20) have recently been successful in determining specific distinctions 
between human and bovine tubercle bacilli by the hypersensitiveness 
tests of Schulz and Dale. In their experiments the intestine of a guinea 
pig infected with a bovine strain gave a reaction, if not exclusively, at 
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least in quite a preponderating number of cases, with a diluted extract 
of bovine bacilli only, and vice versa. 

That children are much more susceptible than adults to every form 
of tuberculous infection, and the more so the younger they are, has been 
so conclusively proved by practical experience, that it requires no ex- 
perimental corroboration. I will, therefore, only mention that the same 
difference has been observed upon feeding young and adult animals with 
several other species of bacteria, for instance, trypanosoma brucei (21), 
mouse typhoid, amebic dysentery (22). Tuberculosis in this respect 
is, therefore, not unique. So generally as this fact is known, it is far 
from being taken sufficiently into account in the practical measures 
against tuberculosis. Roemer (23) has claimed that our efforts in com- 
bating tuberculosis should chiefly be concentrated on the protection of 
children, especially during the first years of life, in order that the infection, 
which in many cases is scarcely avoidable, may be postponed as long 
as possible. This requirement must to-day still be regarded as entirely 
justified and should be placed in the foreground in all works of popular 
instruction. To be sure, this is one of the most important points of all 
measures of prophylaxis. 

A second important claim, set forth by Roemer, has also been justified 
by recent observations. Roemer asserted (what Koch had already de- 
clared as probable in his first paper) that the final issue of a tuberculous 
infection depends, in large measure, upon the quantity of bacilli enter- 
ing the body, and that it is generally the heavy and continuously repeated 
infections which sooner or later lead to a fatal end. In looking after 
families affected with tuberculosis we very frequently find that in seem- 
ingly healthy children the Pirquet reaction is positive; thus they are 
already infected, and we are then confronted with the question of 
whether it would still be of any use to guard them against further in- 
fection. I believe we must answer this question in the affirmative. 
Koffler (24), Braiuning (25), and others followed over several years 
the fate of children who grew up in tuberculous families, and found in 
the surroundings of patients, whose sputum contained only a few bacilli 
or who followed the directions given them as regards cleanliness and 
preventive measures, far fewer cases of manifest disease, and among these 
far fewer deaths occurred than among children of those parents who 
emitted a large number of bacilli and who, in addition, were careless and 
unclean. Redecker (26) has recently described pathological observa- 
tions, according to which old tuberculous foci again became active after 
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renewed infection. Such observations indicate clearly the danger of 
repeated infections. Roemer’s further assumption that heavy infections 
in childhood are one of the chief causes of subsequent phthisis has a good 
deal of probability though it may be difficult to prove it directly. In 
animal experiment it is also found that if smaller doses of tubercle bacilli 
are added to the food, the infection (though not in every individual 
case, but on an average) takes a much milder course than if large quan- 
tities of bacilli are administered. In the case of other infectious agents, 
especially in the very mumerous experiments made with mouse typhoid, 
the same law has been observed. 

If, therefore, recent obervations lead us, in the case of tuberculosis, 
to ascribe a great influence to the quantity of the infectious material, we 
practically come back to the requirement repeatedly advanced by Koch 
that, first of all, the advanced phthisical patient, who expectorates great 
quantities of bacilli, should as far as possible be segregated. This re- 
mains, as heretofore, the most important of all measures. 

What a different course tuberculosis takes in surroundings, in which 
there is no opportunity whatever of receiving large quantities of tubercle 
bacilli, and particularly of inhaling them, is indicated by the remarkable 
observations of Hillenberg (27) and Jacob (28), which up to the present 
have not, I believe, been given sufficient attention. By means of tu- 
berculin tests they found in remote villages of Germany, with little traffic, 
in which for many years no case of open tuberculosis had occurred, 25 
to 40 per cent of the children infected, but none of them manifestly ill. 
In whatever manner this infection may have been brought about, we 
may at any rate assume that only small quantities of bacilli were active 
in each case; perhaps, also, mainly or exclusively intestinal and not 
pulmonary infections were involved. In my opinion it would be highly 
desirable that these investigations were continued at other suitable places, 
and supplemented in such a way that the ages of first Pirquet reactions 
be noted and that in cases, in which intercurrent deaths occurred, an 
exact pathological examination be made in each instance. Should a 
tuberculous focus be found, it should be inoculated into animals, to 
determine the type and virulence of the bacilli. 

If we ascribe a special significance to the direct infection of the lungs 
through inhalation, in contrast to all other forms of infection, the old 
question, of whether dry dust particles or moist droplets play the chief 
part, gains renewed interest. On this point Koch, in his first paper on 
tuberculosis, expressed the view that infection by particles of dust was 
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the usual form in which the disease is conveyed, “the sputum particles 
being as a rule not so small that they could remain suspended in the air 
for any length of time.” This view was entirely thrown into the back- 
ground, at least in Germany, by the numerous experiments of Fliigge 
and his coworkers (3) (4), who saw in the droplets coughed out by 
phthisical persons and immediately inhaled by healthy individuals, the 
chief agent of infection. Fliigge’s conclusions, however, have been re- 
futed by the careful research work carried out by Lange (29) in the last 
few years, which I have just reported in a lecture at the National Tu- 
berculosis Association meeting in Washington.* These investigations 
tend to prove that the danger of coughed-out droplets has been over- 
estimated by Fliigge, and, on the other hand, sputum particles as well 
as droplets deposited on handkerchiefs, clothing, or on a dusty floor, 
are often within a few minutes dried up, so that they can easily be 
shaken off and remain suspended in the air. In this state they are easily 
inhaled by the experimental animals, and then cause the typical primary 
pulmonary foci. 

This widens to a considerable extent the scope of our prophylactic 
measures and renders them more difficult. We must attempt to safe- 
guard the neighborhood of a coughing patient, not only against contami- 
nation from his direct coughing, but also against what is perhaps the 
greater danger, the droplets and sputum particles scattered on the 
clothing, linen, bed, and sometimes also the furniture and floor. 

If, as the chief results of recent investigations, I have indicated the 
special importance of pulmonary in comparison to other modes of in- 
fection and, on the other hand, the danger of quantitively heavy infec- 
tions, I must once more emphasize the fact that I only desire to state 
that, on an average, the one mode of infection has graver consequences 
than the other one. The progress of the disease in each individual case 
depends, to a large extent, upon other circumstances, above all upon the 
constitution, that is, the natural protective forces of each individual 
and his capacity for elaborating specific protective substances. In 
both respects, individuals, excepting perhaps young children, show such 
great differences that these constitutional factors are perhaps to be 
regarded as the most important of all. This fact was already known 
to the ancient physicians, and the more recent experiments referred to 
above, in which animals were infected through the natural ways with 


3 The significance of cough droplets and dry dust in the spread of tuberculosis, AMERICAN 
REVIEW OF TuBERCUTOSIS, 1927, xv, 609. 
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small doses, corroborate it; we then see the same manifold forms of dis- 
ease as in the natural course of an epidemic. 

As the most important factor after the innate constitution must be 
regarded the external circumstances which influence consitutional dis- 
position, above all food; and here it seems not alone to be a matter of 
quantity, but also whether certain substances are present or lacking. 
Whether vitamines may here play a réle is not yet ascertained. Anyhow, 
some experiments on guinea pigs, especially those of Bieling (30) and 
Heymann (31), have shown that a scurvy-producing diet exercises an 
unfavorable influence on tuberculosis. From further experiments in 
this direction, important practical results may perhaps be expected. 

In this connection I would draw attention to the remarkable observa- 
tions made by Planner-Wildinghof (32), who described a singular form 
of tuberculosis seen in several hundred German soldiers, who were 
prisoners of war in a Siberian camp where very unfavorable conditions 
prevailed. The course of the disease was acute, and in most of the cases 
fatal. It proceeded in the form of a lymph-node tuberculosis, in some 
instances with caseation and enormous swellings, miliary patches, fre- 
quently also with intestinal tuberculosis, but no phthisis of the lungs. 
Probably we may have to seek in some particular defects of food the 
reason that caused the resisting powers in these individuals to fail to such 
an extent that they behaved like men of primitive tribes untouched by 
tuberculosis or quite young children in our countries. 

If new investigations have demonstrated that the epidemiology of 
tuberculosis follows the same general laws as other infectious diseases, 
they have, on the other hand, corroborated the fact that in combating 
tuberculosis we must take account of the peculiarities the disease offers as 
an eminently chronic and, at the same time, almost universally prevalent 
infection. From the point of view of the bacteriologist, we emphasize 
the special significance of direct pulmonary infection; the knowledge 
that dry dust here plays an important réle, the special dangers of large 
and repeated doses of infections, and the exceptional susceptibility of 
early childhood. The chief influence on the course of the disease must, 
however, be ascribed to the constitutional factor, and to the influence 
exerted on this factor by food, housing and the whole mode of living. 
Thus, in combating this disease we shall find confirmed anew the words 
with which Koch concluded his paper on The Etiology of Tuberculosis, 
namely that in all measures undertaken against tuberculosis we must 
always take into account the social conditions. 
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A SURVEY OF THE PRESENT PRACTICE OF RECORDING 
THE BODY TEMPERATURE IN TUBERCULOSIS! 


ELMER H. FUNK anp BURGESS GORDON 


The importance of the body temperature in tuberculosis patients 
has been recognized since the earliest times. In the Hippocratic writings 
reference is made to fever with ulceration of the lungs. Richard Morton 
in his Phthisiologia (1689) considered fever among the pathognomonic 
signs of incipient consumption. As he stated, according to Flick (1), 
“The fever is very moderate in scorbutic and phlegmatic persons but 
there is always some preternatural heat which may be discerned best 
in the paleness of the hands and in the soles of the feet, and by the 
quickness of the pulse; sometimes also by a fixed redness of the cheeks, 
especially after eating.” At present, considerable importance is at- 
tached to temperature observations in reference to the diagnosis, prog- 
nosis and treatment of tuberculosis. Thus, Brown (2) considers the 
temperature as characterized by chronicity, postmeridian occurrence, 
and a daily maximum rise, usually at the same hour, with occur- 
rence of exacerbations which may supervene upon a normal or slight 
elevation. He further states that it is one of the most accurate indi- 
cations of activity in the pulmonary lesion. The importance of this 
cannot be doubted. Howeyer, the failure oftentimes to correlate a 
normal temperature or a curious exacerbation with the condition of the 
patient has led to certain scepticism as to the reliability of the tempera- 
ture record. Having noted in our experience certain inaccuracies in 
the technique and in the methods of recording the temperature, it was 
decided to secure the opinion and practice of others interested in tuber- 
culosis. A questionnaire was sent to 500 sanatoria listed in the National 
Tuberculosis Association Directory. This included private and public 
institutions. The following questions were asked: 

(1) How frequently and at what hours during the day do you record the temperature of 
patients? 
(2) Do you have the same regulations in regard to the recording of the temperature at rest 


and on exercise? 
(3) How important do you consider the temperature in relation to clinical activity? 


1 From the Medical Service of Dr. Thomas McCrae and the Department for Diseases of 
the Chest, Jefferson Hospital, Philadelphia. 
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The answers show a wide difference in the hours of recording the 
temperature and a difference of opinion as to the value of the obser- 
vations. A majority placed an important value on the temperature 
record but not a few questioned its reliability. 


THE HOURS OF RECORDING THE TEMPERATURE 


In referring to table 1 a wide variation in the hours of recording is 
noted. Approximately 42 per cent of the institutions (131) were found 
to rely on two observations daily. Among these there is a variation in 
the hours when the records are made. Six institutions record only the 


TABLE 1 
Hours of recording temperatures of tuberculosis patients in sanatoria 


SANATORIA ACCORDING TO HOURS AT WHICH ROUTINE TEMPERATURE 


SANATORIA ACCORDING ARE 


TO NUMBER OF DAILY 
TEMPERATURE 
OBSERVATIONS 


SANATORIA 
OF HOURLY 


READINGS 


TOTAL NUMBER 


TOTAL 


— 


Total sanatoria 
Sanatoria in which 
temperatures are 
taken: 
Once daily 
Twice daily 
Three times 


Eight times 
Not definite 


afternoon temperatures. In the remaining 125 institutions the temper- 
atures are recorded once during the morning and once during the after- 
noon. Of these, one-third measure the morning temperature at 7 
o’clock or before, and two-thirds at 8 o’clock or later, four-fifths measure 
the afternoon temperature at 3 or 4 o’clock, and the remaining one-fifth 
at varying hours from 2 to 8 p.m. The 7 and 8 p,m. temperatures are 
seldom recorded. A similar lack of uniformity is also noted in insti- 
tutions where three or more temperatures are recorded. 

In table 2 the tendency to follow a certain practice quite uniformly 
in certain localities is noted; thus, in some states, as in Pennsylvania, 
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TABLE 2 
Daily frequency of temperature observations in sanatoria according to geographical distribution 


SANATORIA ACCORDING TO NUMBER OF ROUTINE DAILY 
TEMPERATURE RECORDS 


SANATORIA ACCORDING TO STATES 


TOTAL SANATORIA 
| Twice daily 
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twice-daily observations are common, while in other states, as in Min- 
nesota, three daily observations are most frequent. In many of the 
institutions in California the temperature is recorded four times daily. 


THE RELATION OF TEMPERATURE OBSERVATIONS TO EXERCISE 


In the replies to question 2 a considerable difference in practice was 
noted. Of 295 replies which could be. classified, it was noted that in 
only 69 instances were special observations made in relation to exercise. 
Of these, 33 recorded the temperature once after exercise (11 immedi- 
ately after, 10 one-half hour after, 3 one hour after, and 9 did not state 
the specific time after exercise); 32 recorded the temperature twice in 
relation to exercise, 15 before and after, and 17 twice after (usually 
immediately and within one hour); 4 recorded the temperature three 
times, once before and twice after exercise, usually immediately after 
and again within one hour. It appears that 204 institutions depend 
upon the routine recording of the temperature to note the influence of 
exercise. In some institutions, however, special attention was given 
to resting the patient before the routine observation was recorded, 
others apparently arranging the exercise period so that it terminated 
before the time the routine temperatures were recorded. It is difficult 
to estimate the importance which these institutions place on exercise 


temperature records, apart from the routine. There is a small group 
of institutions (21) in which the temperatures are recorded less fre- 
quently after the patients are permitted exercise. In one instance no 
temperatures are recorded when patients are on exercise. 


THE IMPORTANCE OF THE TEMPERATURE RECORD 


The replies to question 3 indicate a general recognition of the im- 
portance of temperature observations in relation to clinical activity. 
Among 295 institutions, 120 considered the temperature record as most 
important, 156 as important, 16 as of slight importance. In the latter 
two groups certain specific reservations were made. Thus, 10 considered 
the temperature as less important than the pulse-rate observations, 
11 state that a normal temperature does not necessarily exclude clinical 
activity, and 25 consider that other signs should be considered first 
in determining clinical activity. It would seem fair to assume that some 
of these reservations are also recognized by the group that consider the 
temperature record most important, and yet there is an evident tend- 
ency to place more stress on its value in some institutions than in others. 
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It would seem that the vast majority consider it a sensitive criterion 
of activity, but a definite minority question its value. 


COMMENTS 


An analysis of these data suggests that, while the recording of the 
body temperature is considered of importance generally, there are not 
a few observers who question its reliability as a definite sign of clinical 
activity. Furthermore it is noted that in the recording of the tem- 
peratures there is a lack of uniformity with regard to the hours and 
frequency of the daily observations. This would indicate apparently 
that there is a need for investigating the value of temperature measure- 
ments as practised at the present time. With a full realization of the 
handicaps of standardized procedure, we believe that a greater uni- 
formity is needed in place of the present somewhat haphazard practice. 
If our conception of the usual ‘‘picket” type of temperature is correct, 
the highest points are frequently missed in institutions using the present 
twice-daily system. ‘That more accurate information is possible is sug- 
gested by the hourly temperature curves of some of our patients, in 
whom the highest points were missed in the routine recording. We found 
that it is not uncommon for the 7 and 8 p.m. temperatures to be ele- 


vated when the 4 p.m. temperature is normal, or for the morning and 
evening temperatures to be normal, while the temperature is elevated 
during the midday hours. These observations, in connection with 
some studies of the temperature recorded continuously during the 24 
hours by a resistance thermometer, form the basis of this criticism of 
our present methods. These studies will be reported in a subsequent 
communication. 
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THE BASAL METABOLISM IN PULMONARY 
TUBERCULOSIS 


BENJAMIN L. BROCK anp CHARLES H. HASKINS! 


Fresh air and outdoor life, as aids in the treatment of pulmonary 
tuberculosis, have long been known to be of great value. This is no 
better illustrated than in an experiment by Trudeau. Rabbits, inocu- 
lated with tubercle bacilli and allowed to run wild, either recovered or 
showed slight lesions, whereas those animals, which were confined in a 
dark, damp place after inoculation, showed rapidly fatal lesions. The 
exhilarating effect of life in the open has been commented upon by sports- 
men, and for these reasons many apparently perfectly healthy individuals 
have been taking advantage of it. The opinion of certain authorities 
on tuberculosis is that the exhilarating effect of fresh air out of doors is 
not due to the air taken into the lungs, but rather to its action on the 
surface of the body. Further study along these lines, with the object of 
understanding the changes in the metabolic processes brought about by 
exposure of a tuberculous individual to open air, might possibly lead to 
a better understanding of the treatment of the disease by this method. 

Our work, therefore, was undertaken to determine the possible differ- 
ences in basal metabolic rates of tuberculous individuals sleeping indoors 
and those living in the open air, and also to determine, if possible, the 
proper amount of exposure to the open air in tuberculosis therapy. 

Up to the, present time there is a very limited amount of literature 
dealing with the metabolism of individuals exposed to cold and outside 
air. In no instance have we been able to find any work of this nature 
done directly on tuberculous individuals, nor in any instance have the 
methods of procedure on normal or otherwise diseased individuals been 
identical with our own. Leonard Hill has made a very comprehensive 
study on the metabolism of healthy individuals subjected to cold. He 
states that the thermogenetic power in a vigorous man, trained to endure 
cold, is so powerful that it can immediately compensate for the loss of 
heat occasioned by sudden exposure to very low temperatures. 

He has shown that this power becomes twelve times as great as ‘in 
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repose and twice that in a period of intense exercise when, for example, 
a man is subjected to a bath as low as 5°C. for a few minutes. He quotes 
Rubner as having found the O2 consumption of an individual subjected 
to a cold douche at 16°C. to be increased 110 per cent and after a cold 
bath 47 per cent. According to LeFevre, the metabolism is inversely 
proportional to the temperature below 35°C. A bath at 35°C. has no 
effect, but one at 44°C. also increases the metabolism. Hill’s results on 
the metabolism of subjects sitting quietly out of doors in light clothing 
in windy wintry weather are very striking. The percentage increase 
ranged between 26.5 and 81.8. In one subject the heat production was 
double what it was indoors. Hill expresses his results only in caloric 
output per minute, and his observations were not made on fasting sub- 
jects. Due to differences in amount of clothing worn, no set time in 
relation to meals and previous activity of the individual, certain varia- 
tions in his results were unavoidable. He concludes that not only does 
exposure to cold increase the metabolism but it also raises the basal 
metabolism. 

H. Gessler found the basal metabolism of 8 young healthy men with 
normal temperatures, between the ages of 17 and 31 years, to be increased 
on an average of 14 per cent by varying the room temperature between 
18.2° and 16.1°C. On the other hand, a rise of only 8.2 per cent in 
metabolism under these conditions was seen in 5 men between the ages 
of 51 and 62 years. In 7 diabetic patients, whose metabolisms were 
done before and after the temperature of the rooms had been lowered, 
Gessler found only one to react as did the normals. There was no rise 
in the metabolism of 4 of these subjects, a 3 per cent rise in one, a 3 per 
cent fall in one, and a normal rise of 15 per cent in one. In 3 patients 
with tabes dorsalis Gessler found an average rise of only 4 per cent after 
subjecting them to temperatures between 18.2°C. and 14.5°C. All of 
his experiments were carried out indoors. He concludes that, since the 
body temperature of old individuals is lower than that of the young, 
and lower in the sick as compared to the healthy, depending upon the 
degree of sickness, the reaction to cooling in old people and sick people, 
with relative or absolute hypothermia, is less pronounced. He attributes 
this to a dysfunction of the temperature-regulating centre in these in- 
dividuals, which is also the probable cause of the hypothermia itself. 
For this reason he states that a normal person reacts with fever for a 
longer time and at a higher level than do those with subnormal 
temperatures. 
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McCann and Barr, in a detailed study of 10 tuberculous patients with- 
out fever, concluded that the basal metabolism in tuberculosis may be 
normal or slightly above normal. Their variation from the average 
normal was from minus 3 to plus 15. They found also that the metab- 
olism in some tuberculous individuals may be lower than normal when 
they have lost weight. This factor more than equalizes the tendency 
to increase caused by the disease. 

It has been clearly shown by A. Ozario deAlmeida that the metabolism 
in the tropics is lower than in the temperate zone. In 10 white subjects 
in Brazil the average basal metabolism was found to be 24 per cent lower 
than the DuBois standards would allow. The metabolism of 10 negro 
laborers in the tropics was found by deAlmeida to be 16 per cent lower. 
In an attempt to prove that certain factors, such as muscular work and 
amount of food intake, influence the basal metabolism by altering the 
total metabolism, he did a rather unique experiment. The metabolism 
of a subject was found to be 22.7 cal. per sq. m. per hour. After leading 
a very vigorous life for one year the metabolism had risen to 32 cal. per 
sq. m. per hour. The climate, thus modifying the habits of the 
individual, alter the basal metabolism. 

In our experiments the Benedict-Roth apparatus was employed, our 
results being determined according to the Aub-DuBois standards. In 
selecting our subjects, all of whom had pulmonary tuberculosis, it was 
not our object to choose them according to the amount of disease they 
had. We desired those patients, however, who complained of fewest 
symptoms, and at the same time avoided those who were easily excited 
and insufficiently intelligent to recognize the object of our experimenta- 
tion. None of our subjects was febrile, and all were otherwise very 
suitable for this work in that they were very calm throughout, and their 
respirations were natural and regular, thus giving us even and uniform 
graphic records. Of our 5 subjects studied, 3 were physicians, one a 
technician in metabolism work, and one a premedical student. At the 
time of our winter experiments only one of our subjects was ambulant. 
Two of these have left the Sanatorium. All three of the others done 
in the summer are now ambulant, but only one is active. It is of interest 
to note that this active subject showed higher summer values as com- 
pared to the winter values than did the other two subjects. It might 
be conceived that the long period of inactivity so modified the total 
metabolism that the basal metabolism was also lowered. This would 
be in keeping with deAlmeida’s theory. Two of our winter subjects, 
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J. M. and S., had been strictly in bed during a few months immediately 
preceding our experiments. This may account for their comparatively 
low metabolisms at this time. ; 

Our experiments were carried out as nearly as possible under exactly 
the same conditions as those to which ordinary bed patients affected with 
pulmonary tuberculosis are subjected. With one exception, however, 


TABLE 1 


CALORIES PER SQUARE METRE PER HOUR 


Room 
temperature Outdoor temperature a 
ture 


9:00 A.M. : M. 10:00 a.m. 10:30 A.M. 11:00 a.m. 


S— 1-26 | 70°| 37.2 .4 | 46°) 38.3 | 48°] 35.2 | 48°! 34.4 | Afebrile 
S- 4-26 | 68°} 38.4 .O | 28°) 36.2 | 28°! 34.6 | 30°! 36.3 


3-19-26 | 68°| 35.6 .7 | 34°! 35.8 | 34°| 36.1 | 34°) 33.8 | Afebrile 
3-23-26 | 66°) 36.5 .8 | 44°) 39.7 | 46° 37.9 | 46°! 39.5 


4-22-26 | 68°} 35.0 1 | 54°} 37.2 | 56°! 36.3 | 56°| 34.0 | Afebrile 
4-21-26 | 70°| 34.0 .7 | 52° 36.3 | 54°} 34.8 | 54°) 36.1 
4-17-26 | 70°} 35.9 9 | 46°| 36.7 | 48°| 36.1 | 48°) 35.9 


Average per cent 
average normal —8.61% —9.6% 


J.M. 4 8-26 | 70°| 37.6 °| 37.: .0 | 40°| 37.0 | Afebrile 
4-10-26 | 70°} 32.0 9.9 | 42° 39.1 
4~ 9-26 | 68°| 33.7 9.2 .5 | 52°] 38.6 


3-26-26 | 68° 31. | 34.3 | Afebrile 


3-27-26 | 70°| 32. .5 | 28°| 33.4 
3-29-26 | 32. 33.4 | 24°) 33.4 


Per cent average 


—8.13% 


the subjects were required to sleep indoors for two or three days, in 
order that preliminary tests might be made to determine their basal 
metabolisms at a fairly constant level under these conditions. Ordi- 
narily all patients would be required to be on their sleeping porches as 
a routine. 

After obtaining a rather constant base, our experiments began by 
doing a metabolism indoors at 9:00 A. M., after the patient had slept in 


NAME DATE 
normal....... —10.77% |-5.46% |—5.77% |-6.77% | 
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his room during the previous night. The bed was then wheeled out on 
the sleeping-porch without disturbing the subject, and four succeeding 
observations were made out of doors at half-hour intervals during the 
next two hours. In all cases the same procedure was carried out on two 


indoyrs Ohtdgors 
4:00 9:30 [0:00 [0:30 


-/0% 


CuHartT 1 


A comparison between the average changes in metabolism of three tuberculous subjects, 
W., J. L. and B. L. B., expressed in percentage of normal average, after exposure to outside 
atmospheric conditions in winter and in summer. 


or three successive days. The room temperature at 9:00 A. M. and the 
outdoor temperatures at each half-hour period following were carefully 
recorded. In the winter the patients were not allowed to use their 


- bf, 
~72 
Winter 
| | 
Swnme r 
|| 


88 BENJAMIN L. BROCK AND CHARLES H. HASKINS 


electric pads or electric blankets, but hot-water bottles were placed at 
their feet if they so desired them. In no case were any of the subjects 
uncomfortable due to the cold, nor did any of them complain of shiver- 
ing. One series of experiments on J. L. had to be thrown out on this 
account. 

The results of our winter experiments are recorded in table 1. It can 
be seen that there was a definite tendency for the basal metabolic rate to 


INdooy Outdoors 


4:30 {000 10:30 11:00 


CuHarRT 2 


Curve representing average changes in the metabolism of 5 tuberculous subjects, expressed 
in percentage of the normal average, after exposure to outside atmospheric conditions in 
winter. 


rise within the first hour of exposure. The temperatures of the room 
and outdoors accompany each figure representing calories per sq. m. per 
hour. The average metabolisms of these 5 subjects, and also of 3 of 
those that were available for our summer observations, show an immedi- 
ate sharp rise during the first half-hour and hour respectively. There- 
after there was a drop in the average metabolism of the 5 subjects to 
almost the original value as determined indoors. In the case of the 3 
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subjects, the winter results of which we will compare later with the sum- 
mer results, this drop, which occurred subsequently to the immediate 
rise, was even to a point lower than the original indoor metabolism. 
These points are illustrated in charts 1 and 2. 

One of the winter subjects, W., gave a lower rate in every instance 
excepting one after he had been wheeled out on the porch, than he did 
on his initial indoor experiment. This patient was very much under- 
nourished, and has failed to gain even up to the present time. He gives 
at present a history of peptic ulcer, and the X-ray shows a definite filling 
defect in the duodenum. ‘These factors may play a part in influencing 
the results in his case. 


TABLE 2 


CALORIES PER SQUARE METRE PER HOUR 


Room 


temperature Outdoor temperature Body 


tempera- 
ture 


9:00 A.M. 9:30 A.M. 10:00 a.m. 10:30 a.m. 


68°| 33.8 | 70°| 31.9 | 72°| 33.9 | 74°) 35.1 Afebrile 
66°| 32.3 | 66°) 34.4 | 67°| 33.8 | 67°| 33.8 


73°| 32.6 | 74°! 31.9 | 76°) 33.6 | 76°) 34.5 .6 | Afebrile 
32.4 | 34.1 | 79°) 34.4 | 81°) 34.3 


78°, 36.7 | 86°| 35.2 | 86°) 36.3 | 86°| 36.6 .1 | Afebrile 
86°} 37.4 | 86° 35.8 | 87°) 35.5 


34.15 34.63 34.97 


Average per cent 
average normal —14.10%| —13.54%| —12.33%| —11.46%| —8.60% 


In studying the figures on each subject, however, it would seem as if 
some were able to adapt themselves almost perfectly to the change in 
the temperature of the environment. There was no sudden high rise of 
metabolism in any instance after exposure to cold, and it would seem 
that there would be no great burden thrown on the lungs. On the con- 
trary, it would appear that the mild stimulation, which the patients get 
under this method of treatment, would be of benefit to them. 

Table 2 shows the results of our findings on 3 subjects whose metabo- 
isms were done in the summer. Chart 1 illustrates this graphically. 
The experiments were performed in no way different from those of the 
winter. Here it will be seen.that, during their stay on the porches after 


NAME DATE 
W. 7-27-26 
7-28-26 
8- 4-26 
7-22-26 
Average......... 33.93 36.1 
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their first observation indoors, the metabolic rates gradually rose and 
there was no tendency, as in the winter, to drop again after an initial 
rise. This rise took place even though there was no great difference 
between the room temperature and that of the outside and even though 
the temperature of the outside was higher than that of the inside and 
gradually reached a higher level. This factor is just the opposite to that 
of the winter experiments, in which the temperature of the outside was 
much lower than that of the rooms. 

It will be seen in chart 1 that the average metabolic rate was at all 
times higher in the winter than in the summer, except at the end of the 
two-hour period, when the average rates for summer and winter are 
almost exactly the same. These curves present a comparison between 
the metabolisms of three winter subjects and the same subjects of the 
summer experiments in terms of percentage of the average normal. 


SUMMARY 


- A series of experiments was made on a group of patients affected with 

pulmonary tuberculosis to determine the differences in basal metabolic 
rates incident to exposure to normal conditions prevailing indoors and 
then to a series of exposures to conditions out of doors. The experi- 
ments were carried out both in winter and in summer, and were done 
as nearly as possible under exactly the same conditions as those to which 
bed patients with pulmonary tuberculosis are subjected in the course of 
their cure. It was found that the basal metabolism of tuberculous in- 
dividuals, curing out of doors in winter, immediately rises and after a 
period of an hour falls again, the subjects tending to adjust themselves 
to the change of the environment. In summer there was a gradual rise 
incident to exposure to outside atmospheric conditions even though the 
temperature of the room was lower than the outside temperature. 


CONCLUSIONS 


1. The basal metabolism of tuberculous individuals may be normal or 
below the average normal. Five patients studied varied between ap- 
proximately minus 19 per cent and minus 3 per cent of the average nor- 
mal (DuBois standards). 

2. A comparison between the average basal metabolisms of two tuber- 
culous subjects studied both in winter and in summer, according to the 
regular routine, shows a decrease of 9 per cent and 13.2 per cent in sum- 
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mer as compared to winter. This is believed to be due to the long period 
of inactivity rather than to any environmental change. 

3. Undernourishment may account for low metabolism, as compared 
to the normal, as well as inactivity. 

4. Exposure of tuberculous subjects to atmospheric conditions pre- 
vailing in winter, according to the conditions mentioned above, causes 
an immediate temporary rise in metabolism with a subsequent fall. It 
would seem that they were able to adapt themselves to the change in 
the atmospheric conditions of the environment. 

5. In summer, curing out of doors under basal conditions causes a 
gradual rise in the metabolism even though the temperature of the room 
is lower than that of the outside. 

6. In winter the powers of the individual to adapt himself to the con- 
ditions of the environment are called upon to a greater extent than in 


summer. 

7. Although not definitely proved in this paper, it would seem that 
no extra work is thrown on the lungs of tuberculosis patients curing out 
of doors in winter or summer. We conclude that the mild stimulation 
they receive therefrom may be of definite benefit to them. 


We wish to express our deep appreciation to Dr. Eugene F. DuBois, without whose friendly 
suggestions and criticism this work could not have been carried out. 
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PRIMARY PLEURAL MESOTHELIOMA 


A CASE WITH PNEUMOTHORAX AND MEDIASTINAL HERNIA 
THE FIRST SYMPTOMS! 


FRED H. HEISE anp FRANCIS B. TRUDEAU 


On February 20, 1926, Mr. W. B.., aet. 37, a married radio mechanic, 
was carrying a storage battery from one floor to another, and when he 
arrived at his destination, he felt a very severe pain in his right chest, 
which was immediately followed by severe dyspnea. He was taken 
home and treated for pleurisy. During the first three days fever was 
present, reaching a maximum of 102°F. Gradually the dyspnea sub- 
sided, so that at the end of two weeks it was not marked. On March 20, 
1926, one month after the onset of his symptoms, he was examined by 
another physician and told he had pneumothorax. One month later 
this diagnosis was confirmed by a third physician upon physical and 
fluoroscopic examination. Mr. B. was sent to Saranac Lake, to await 
entrance to Trudeau Sanatorium, and while there he was under the 
care of one of the authors. On May 5, 1926, the day of his arrival, he 
had occasional pains in the right chest, slight fever and dyspnea and 
had lost 15 or more pounds in weight. Physical examination on this 
date revealed marked limitation of movement, loss of tactile fremitus, 
a hyperresonant note and distant breathing over his right lung. The 
left lung was normal except for exaggerated breathing. Fluoroscopic 
and X-ray examination confirmed the diagnosis of right-sided pneu- 
mothorax; the degree of compression, as seen in the films, was about 
65 per cent. The left root region showed indefinite evidence of tuber- 
culosis. After bed-rest for one week, all symptoms had disappeared, 
and the patient was permitted to sit up for his meals. Fifteen days 
after coming to Saranac Lake his breath-sounds were audible over the 
right chest, and a few days later X-ray films showed the right lung 
almost completely expanded, as only a small area of pneumothorax in 
the upper third persisted; the left side had remained unchanged. He 
was now permitted to dress, and be up and about the house for one week. 


1 From the Trudeau Sanatorium, Trudeau, New York. 
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At the end of this time no symptoms were present, and he had gained 
6 pounds. He was then permitted to walk ten minutes daily. 

On June 1, 1926, he entered Trudeau Sanatorium, complaining of 
occasional pains in his right chest and slight difficulty in breathing. 


Nothing of interest was revealed in Mr. B.’s family history and there 
was no family history of tuberculosis or malignant tumor. He had 
had the usual diseases of childhood, and typhoid fever seven years 
previously; otherwise the history until the onset of his present illness 
was negative. This illness, as previously stated, followed upon his 
carrying a heavy storage battery. He had, however, gained 18 pounds 
in weight since coming to Saranac Lake. 

A general physical examination revealed nothing abnormal. The 
examination of the chest on June 10, 1926, disclosed a right-sided pneu- 
mothorax, which was confirmed by X-ray taken the same day. At 
this time the X-ray film also showed a mediastinal hernia into the left 
lung, extending in half-moon shape from the first rib to the base, and 
at the level of the third rib reaching as far as the centre of the left chest. 
At this time the compression was complete, and an adhesion was seen 
in the middle third which did not interfere with compression. The 
collapse of the lung had taken place for the second time, and without 
causing symptoms, in the interval between May 21st and June 10th. 

From June 1st until October 2nd the patient was allowed to come to 
his meals and sit in a chair on his cottage porch. This he did with 
practically no resulting symptoms except a severe attack of coughing 
on September 30th. His weight had remained practically stationary. 
On October 2nd he complained of gastric distress and dyspnea, and was 
put to bed. These symptoms increased in severity, and he was moved 
to the infirmary on October 7th. An X-ray, taken during the interval, 
on September 20th, had shown the development of fluid at the extreme 
base and an extension of the pneumothorax toward the left. On October 
6th another X-ray revealed fluid to the level of the 6th rib anteriorly 
and extending to the middle of the left thorax, while the heart and 
mediastinal contents were markedly displaced to the left. On October 
7th the fluid level was at the 5th rib anteriorly. On account of severe 
dyspnea, rapid pulse and gastrointestinal distress, thoracentesis was 
done. One and one-half litres of serosanguineous fluid was withdrawn, 
with marked relief of symptoms. An X-ray, taken immediately after- 
ward, revealed fluid in the extreme base only. Examination of the fluid 


i 
| 
¥ 
if 


94 FRED H. HEISE AND FRANCIS B. TRUDEAU 


disclosed no tubercle bacilli on direct examination, and the cell count 
was as follows: polymorphonuclears, 18 per cent; lymphocytes, 80 per 
cent; eosinophiles, 1 per cent; large mononuclears, 1 per cent. The 
blood count made at the same time showed leucocytes, 10,350; red 
cells, 4,282,000; hemoglobin 80 per cent. 

From this time on thoracentesis became necessary at decreasing 
intervals until the patient’s death, which occurred on October 29, 1926. 
Tappings were made as follows: October 11th, 15th, 17th, 21st, 22nd, 
23rd, 24th, 25th, 26th, 27th and 28th. Altogether 12,525 cc. of bloody 
fluid were withdrawn, and after each tapping, except for the last few, 
the dyspnea became very much less marked. At the last six tappings 
considerable air was also removed, demonstrating a communication 
with the outside. This was later proved by the injection of ether into 
the pleural cavity and its taste by the patient. The opening must 
have been of a valvular kind, since the air was under considerable pres- 
sure. From October 8th to 15th the red blood cells fell from 4,282,000 
to 3,840,000. X-ray films were taken at frequent intervals. On 
October 8th the fluid was at the 6th rib anteriorly and on October 11th 
at the 4th rib, in both instances extending well into the left side. After 
removal of the fluid on October 11th the X-ray films showed definite, 


rounded, blotchy shadows at the right base, and these enlarged and 
occupied more of the chest-wall in each succeeding X-ray film until, 
on October 28th, the whole right pleura was seen involved except for a 
slight pneumothorax in the upper third. At this time the hernia into 
the left chest was distinctly seen, and the left root region was decidedly 
mottled. The interpretation of the X-ray films, taken on this day by 
Mr. H. L. Sampson, was as follows: 


' Right Side: There has been a development of decided cloudiness throughout, 


due to the accumulation or development of thickened pleura, somewhat 
blotchy in appearance. An area of pneumothorax is seen in the upper third. 
There is probably some fluid present which extends past the midline. The 
character of the thickened pleura and the manner of its development strongly 
suggest a malignant condition. 

Left Side: There has been a definite development of cloudiness in the middle 
third, with the presence of an area of gas which extends from the opposite 
side into the left anterior thorax. Fluid is also seen on this side. Owing to 
the marked displacement of the mediastinal contents to this side it is very 
difficult to determine very much regarding the intrapulmonary changes 
though there is a fairly decided mottling or nodular appearance in the root 
region. 
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Upon entrance to the Sanatorium the diagnosis of suspected pul- 
monary tuberculosis was made for the reason that spontaneous pneu- 
mothorax is caused by ‘tuberculosis in the vast majority of instances. 
When, on October 7th, serosanguineous fluid was obtained by thora- 
centesis, malignant tumor of the lung or pleura was suspected. No 
proof, however, could be obtained. The serial X-ray films strongly 
suggested a malignant condition of the pleura and possibly in the left 
root region, so that on October 29th all thought of tuberculosis as the 
etiological factor was dismissed. 

After considerable persuasion permission to perform a partial autopsy 
was obtained, and this was performed by Dr. Leroy U. Gardner of the 
Saranac Laboratory, twelve hours after death, with the following results: 


The body is that of a large, well-developed, well-nourished white male. There 
are no external marks or scars except the embalming incision in the right 
axilla and trocar puncture in the abdomen. Exploration of the thorax and 
removal of the right lung only were permitted. Subcutaneous fat is abundant 
in amount. There is no atrophy of the muscles. On midline incision of the 
thorax and removal of the sternum and ribs there are adhesions on the right 
side, and marked displacement of the heart to the left and compression of 
the left lung. 

Right Pleura: The parietal pleura is infiltrated with a soft nodular friable 
tumor growth, and measures from 5 to 16 mm. in thickness. Much of the 
anterior layer is torn away in removing the ribs. The lower third of the 
pleural cavity is filled with friable, partially organized blood-clot, enclosing 
large loculi of bloody fluid. Above it is a quantity of bloody fluid. No air 
escapes. The mass is firmly adherent to the diaphragm, below to the lower 
parietal wall, and to the lung mesially. The latter has been compressed 
tightly against the mediastinum, but, at about the level of the outer border 
of the upper fissure is a large fleshy adhesion, conical in shape, which is attached 
to the lateral chest-wall. A hernia of the mediastinal mass has occurred, and 
there is an elongated sac which passes above the heart, in front of the great 
vessels into the left chest, in front of the lungs, and its distal end is attached 
to the apex of the left pleural cavity. This sac has a thick wall (4 to 6 mm.) 
which is also infiltrated with tumor. The visceral and parietal pleurae are 
studded with soft, elevated, round, yellowish-white nodules, ranging from 
4 to 5 mm. in diameter. Between and often overlying them are adherent 
masses of blood-clot. No evidence of a communication with the interior of 
the lung can be detected, but this would be extremely difficult to find on the 
rough and shaggy surface. 

Left Pleura: Is not remarkable. It is free from adhesions, and contains only 
embalming fluid. There is no communication with the right side. 
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Heart: Other than the dislocation to the left, there is no surface abnormality. 
It is rather small in size, and shows no evidence of dilatation of any of its 
cavities. The organ is pushed downward and to the left of the hernial sac 
above, so that its apex lies at least 3 to 4 cm. to the left of the nipple. 

Right Lung: The organ is compressed to a small triangular mass, lying midway 
between the apex and base of the thoracic cavity. It is adherent to the parietal 
wall only at the front, where the above-mentioned fleshy adhesion extends 
outward in an anterolateral direction. Section of this adhesion shows that 
it contains lung tissue to within 1.5 cm. of its lateral end, where it becomes 
fibrous in character. At that point it is about 6 mm. in diameter. Section 
of the lung from the apex to the base (posteriorly) shows the tissue to be 
dark slate-grey in color, with no evidence of focal lesions of any kind. The 
descending stem-bronchus is sectioned longitudinally, and shows some thick- 
ening of its wall, apparently due to compression. Its distal portion is filled 
with thick mucoid secretion. 

Left Lung: Is also somewhat compressed laterally and posteriorly by the 
process in the right chest. Its surface is smooth without even apical adhesions. 
It is dull slate-blue in color and firm to the touch. A small section shows 
only evidence of compression. 

Tracheobronchial Lymph Nodes: Behind the hernial sac and a the 
great vessels and trachea is a more or less cylindrical sheath of greatly en- 
larged lymph nodes firmly matted tagether. The mass measures from 8 to 
10 cm. in transverse diameter and slightly less anteroposteriorly. It extends 
around the vessels to the hilum of the left lung. The individual nodes are 
composed of uniformly soft grey-white material resembling brain tissue. 
There is no evidence of hemorrhage or necrosis into them. 

Other Organs: The liver, kidneys, adrenals and upper gastrointestinal tract 
were explored by palpation and external examination. They presented no 
evidence of tumor growth. 


Anatomical Diagnosis 


Tumor involving right pleura and tracheobronchial lymph nodes. 
Haemothorax of right pleura. 

Pneumothorax (this appeared at time of autopsy) right pleura. 

Mediastinal hernia from right pleura to the left, extending from base to apex. 
Marked compression of right lung. 
Displacement of heart to left. 

Partial compression of left lung. 

Microscopic examination of the tumor mass revealed primary mesothelioma. 


DISCUSSION 


The Hippocratic succussion splash, described in the completed works 
of Hippocrates, gives evidence that pneumothorax was observed early 
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in the history of medicine. The condition, however, was not recognized 
as such, and the splash was attributed to empyema. That air escaped 
during operations upon the chest was recognized by surgeons and 
anatomists, and the beneficial effect of an empyema operation upon 
patients with air in the pleural cavity was recognized as early as 1760 
by Alexander Monro, and later by Kellie, Gohn and Richter. In 1762 
Hewson stated his belief that many of the symptoms following per- 
foration of the chest are due to air in the pleural cavity and compression 
of the lung, for which he recommended thoracentesis to let out the air. 
He further stated that he believed that similar symptoms observed in 
pulmonary tuberculosis may be caused by ulceration of the lung, with 
the escape of air into the pleural cavity, although he had never observed 
such a case. Itard published 5 cases of tuberculosis of the lungs with 
pneumothorax, gave a classification of the condition, and discussed the 
clinical symptoms and differential diagnosis. To him the name pneu- 
mothorax is due. But by far the most important contribution to the 
study of pneumothorax was that of Laennec, for he gave to medicine 
the physical signs of this condition, particularly those of auscultation, 
and demonstrated for the first time the meaning of the succussion splash. 
The occurrence of spontaneous or idiopathic pneumothorax was de- ° 
fended by Laennec, and only comparatively recently gas-producing 
bacteria have been demonstrated in pleural fluid as a cause. Etio- 
logically, pneumothorax has been attributed to many conditions and 
diseases. Among those reporting cases in detail and attempting to 
give statistical information regarding the condition, are Natorp, who 
reports 38 cases, Bahr 40 cases, West 101 cases, and Drasche 198 cases. 
Biach, who collected 918 cases from the literature up to his time and 
also from the records of three large Vienna hospitals, records the fol- 
lowing as causes of pneumothorax: 

Perforation of an encapsulated peri- 

toneal exudate into the pleura 

Perforation of a gastric ulcer 

Perforation of an esophageal ulcer.... 

Perforation of a bronchial lymph node. . 

Caries of a rib 
lung Caries of the sternum 

Fistulous communication from the 


Gangrene from infarction colon, through liver to pleura from 
Echinococcus of the lung 


Ascaris lumbricoides in the pleura... . 
Following thoracentesis 
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In addition to these causes other cases have been ascribed to pneu- 
monia, typhoid fever, acute articular rheumatism, diphtheria, whooping 
cough, pleurisy, liver abscess, tuberculosis of the spine, cancer of the 
stomach, cancer of the lung, strangulated diaphragmatic hernia and, 
in more recent years, to asthma and influenza, and following upon 
extirpation of the lacrymalsac. Another case of supposedly spontaneous 
pneumothorax which later was found to be caused by malignant tumor 
of the pleura, is reported by Fussell and Riesman, with a list of non- 
tuberculous spontaneous pneumothoraces collected by them from the 
literature. Fussell observed this condition due to primary sarcoma of 
the pleura in a male child, aged three years, whose illness lasted ap- 
proximately two and one-half months, during which time two recurrences 
of the pneumothorax took place. No fluid was obtained by thoracentesis, 
and the condition was recognized before death upon resection of a 
portion of the sixth rib. The pneumothorax provided the first symptoms 
of the disease, just as in our case. 

Recently Dr. E. N. Packard has collected several interesting cases of 
pneumothorax with mediastinal hernia; these were published with a 
short bibliography in the Archives of Surgery for January, 1927, (vol. xiv, 
part it, pp. 306-315), to which the reader is referred. 


SUMMARY 


A man, aged 37, developed a right-sided pneumothorax, following 
the lifting of a heavy weight. The lung reéxpanded after three months, 
and three weeks later, without symptoms, collapsed again. There were 
no marked symptoms until three months later. Fluid formed, and 
there was great respiratory distress, relieved by tapping. The intervals 
between tapping became increasingly shorter, and the tappings gave 
decreasing relief until death, eight months after onset. 

At first a diagnosis of suspected pulmonary tuberculosis was made 
on account of the pneumothorax without apparent cause demonstrable 
by physical signs or X-ray. As the fluid at tappings was serosanguineous 
and the X-rays revealed developing pathological changes in the pleura, 
malignant tumor of the pleura was then diagnosed. This was confirmed 
at autopsy. Another interesting feature of the case was the mediastinal 
hernia into the left lung. 
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THE COEXISTENCE OF SYPHILIS AND PULMONARY 
TUBERCULOSIS! 


IN 659 CASES WITH 125 AUTOPSIES 
CHARLES C. HABLISTON anp W. OLIVER McLANE, Jr. 


Our attention was first invited to the study of this series of cases by 
articles appearing on the subject in the recent literature. In a hospital 
for advanced tuberculosis, where the incidence of syphilis is as great 
as among the patients in the Tuberculosis Department of the Baltimore 
City Hospitals, the opportunity to study the coexistence of the two 
diseases appeared unusual, and it is the purpose of this paper to report 
on the frequency as occurring there, and on the apparent effect of 
syphilis on the tuberculosis patient. 

The infrequency with which syphilis of the lung is diagnosed deities 
as well as at autopsy, has been reported on by numerous observers. 
Howard (1) estimates that there are 200 reported cases in the literature. 
The opinion as to its actual incidence varies somewhat according to 
different authors. Brock (2) reports finding that 35 per cent of 7,660 
consecutive South African natives had a fibroid condition of the lungs 
due to syphilis, among a population, however, in which 80 per cent 
showed some evidence of syphilis. Osler (3) reports the condition 
diagnosed at autopsy 12 times in 2,800 autopsies at the Johns Hopkins 
Hospital, 8 of which were of the congenital type. Carrera (4), by micro- 
scopic study, demonstrated syphilitic involvement in 12 cases out of 
152 autopsies performed on definitely luetic subjects. Funk (5) found 
the condition 4 times in 1,200 cases. Howard (1) diagnosed syphilis 
of the lung in 7 cases out of 11,982 general-hospital admissions. He 
states that Peterson found 11 cases in 88 autopsies performed on defi- 
nitely luetic subjects, and quotes the autopsy records of the University 
(Iowa) Hospital as showing 4 proved cases in 720 autopsies. Watkins 
(6), from the X-ray point of view, reports that in 6,500 cases syphilis 
of the lung was diagnosed in 169, while Ashbury, in 10,000 radiographic 


1 Read at the forty-third annual meeting of the American Climatological and Clinical 
Association, Philadelphia, Pa., September 27, 1926. 
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examinations of chests, has observed the condition in only 4 patients. 
The frequency with which the condition is diagnosed must naturally 
vary with what each individual observer considers sufficient evidence to 
justify his diagnosis. 

In reviewing the anatomical diagnoses in 2,860 autopsies from the 
combined services at the Baltimore City Hospitals, we find that evidence 
of visceral syphilis was demonstrated in 309 cases, and that only 5 ana- 
tomical diagnoses of syphilis of the lung were made. One of these was 
congenital, the patient dying at the age of 3 months. Of the remaining 
cases, one showed multiple gummata, and three definite syphilitic fibrosis. 
Included in this number of autopsies are 125 done on patients dying of 
pulmonary tuberculosis, in whom the clinical diagnosis of syphilis had 
also been made. In only one case did the question of tuberculosis and 
syphilis in the same lung arise. That the two diseases may occur in the 
same lung has been noted, and Kielty (8) has demonstrated spirochetes 
and tubercle bacilli from lesions in the same lung, while Carrera (4) 
states that the two lesions can always be differentiated microscopically. 

The coexistence of syphilis and tuberculdgis has been noted with 
great frequency, as would appear the natural result of the universal 
prevalence of the two infections. | 

We can draw no conclusion from the study of our cases in regard to 
the influence of syphilis as an etiological factor in the development of 
tuberculosis, but there is no doubt, from the clinical findings and the 
history of tuberculous symptoms, and the absence of findings of early 
syphilis, that the syphilitic infection preceded the tuberculous activity 
in practically every case. Opinion in the literature is strongly in favor 
of syphilis serving as an important predisposing factor. Wile and 
Marshall (9) note the frequent observation that latent tuberculosis is 
very apt to become activated in the presence of active syphilis. Tedeschi 
(10) found that 70 per cent of the cases of pulmonary tuberculosis, in 
ten years of prison service, had developed upon a syphilitic soil. Brock 
(2) considered that syphilis prepared the way for tuberculosis, and 
states that it plays a réle in the production of lung disease, the great 
importance of which has not been recognized. Sergent (11) is of the 
opinion that tuberculosis awaits the congenital syphilitic, as are Marino 
and Mussio-Fournier (12) that tuberculosis so often develops on a basis 
of syphilis, that inherited syphilis should be suspected, particularly in 
the masked case. Contrary to this, Munro (13), from a study of 100 
consecutive admissions to Fife and Kinross Sanatorium, reaches the 
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conclusion that the case for syphilis as predisposing to tuberculosis is 
not proved. In observing 11,600 infants, Epstein (14) found tuberculosis 
complicating congenital syphilis in only 9 cases, and considered that the 
tuberculosis appeared milder in these infants. However, Wile and 
Marshall (9) state that it may be accepted that a pure syphilitic process 
in the lung, existing unrecognized, constitutes an admirable site for the 
implantation of the tubercle bacillus. } 

Irrespective of the etiological features, the association of syphilis and 
tuberculosis has received wide attention, particularly since the Wasser- 
mann reaction has become so much a matter of routine in hospital and 
sanatorium practice. The diagnosis of syphilis, in the great majority 
of reports covering the question of the frequency of this coexistence, 
has been made on the complement-fixation test, the basis of the asso- 
ciation being largely the number of patients known to have tuberculosis 
who show a positive Wassermann reaction, the diagnosis resting on 
laboratory rather than on clinical evidence. The incidence shows some 
variation in the literature. Thus, Letulle, Bergeron and Lepine (15), 
in routine Wassermann tests on patients over a period of one year, 
found 64 positive and 8 doubtful among 346 patients, 19 per cent being 
luetic on the basis of the Wassermann reaction alone. Vedder (16), 
among the patients at Fort Bayard, and including the soldiers dis- 
charged from the army because of tuberculosis, found 36 out of 211, 
or 17 per cent, showing positive reactions. Snow and Cooper (17) 
repeated this work at Fort Bayard, with somewhat different technique, 
and found, out of 290 patients, 44, or 14.8 per cent, with positive re- 
actions. Roque (18) found 4 per cent luetic among his patients; Koester 
and Amend (19), 3 per cent among 638 patients in the Ambrock Sana- 
torium in 1923; and Day and McNutt (20), out of 893 patients, found 
11.3 per cent positively luetic. In hospital practice Elliott (21) found 
syphilis in 3 to 5 per cent among the tuberculosis patients. Bowman (22) 
found the incidence of a positive Wassermann not more frequent in the 
tuberculous than among the general public. 

By the Meinicke reaction for syphilis von Jaski (23) demonstrated 
lues in 5.2 per cent of her tuberculous patients. 

In the literature reviewed, 19 per cent and 3 per cent represent the 
two extremes of the association of the two diseases, 9.8 per cent being 
the average. 
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From January, 1913, to May, 1926, 4,621 patients have left the Tuber- \ ' 
culosis Department of the Baltimore City Hospitals, through death or p 
discharge, of which number, 659, or 14.2 per cent, had a clinical diagnosis 
of syphilis and tuberculosis. 

For the purpose of study, we have divided our cases into 6 groups, . 
corresponding to the basis on which the diagnosis of syphilis was made, 
as follows: 


Group 1: Diagnosis of syphilis based on history alone. 

Group 2: Diagnosis of syphilis based on clinical evidence alone. 

Group 3: Diagnosis of syphilis based on history and clinical evidence. 
Group 4: Diagnosis of syphilis based on Wassermann reaction alone. 
Group 5: Diagnosis of syphilis based on history and Wassermann reaction. 
Group 6: Diagnosis of syphilis based on clinical evidence and Wassermann 

reaction. 


This division seemed advisable, not primarily to check the clinica] 
diagnosis of syphilis by autospy, but to ascertain in which group autopsy 
findings of definite visceral syphilis were most prevalent, as being an 
indication of active syphilitic disease. We anticipated that the activity 
of syphilis, and not its mere presence as a latent infection, as shown by 

a positive Wassermann reaction alone, would account for some of the ~ 
diversity of opinion in the literature in regard to the influence of syphilis 
on the tuberculosis patient. Inasmuch as “recent” syphilis and “old” 
syphilis may be either a latent condition or an active disease, we have 
discarded these terms in favor of the terms “active” and “latent” 
syphilis. 

Clinically, we have been unable to recognize any difference from the 
standpoint of physical findings in the lungs in our nonsyphilitic and 
our syphilitic tuberculosis patients. Our autopsy diagnoses in the luetic 
and nonluetic patients vary only in the concomitant findings char- 
acteristic of lues in other structures, such as heart and blood-vessel 
changes, etc. 

However, our autopsies have enabled us to very definitely determine 
on a group as being latently syphilitic, and a group as actively syphilitic, 
substantiating the clinical opinion in this respect. 

In the groups mentioned, the autopsy records revealed the following: 


Group 1: Ten cases autopsied, 2 of which showed pathological evidence 
of syphilis. 
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Group 2: Sixteen cases autopsied, 13 of which showed pathological evidence 


of syphilis. 
Group 3: Eleven cases autopsied, 6 of which showed pathological evidence 


of syphilis. 
Group 4: Thirty-one cases autopsied, 9 of which showed pathological 


evidence of syphilis. 
Group 5: Fourteen cases autopsied, 6 of which showed pathological evi- 


dence of syphilis. 
Group 6: Forty-three cases autopsied, all of which showed pathological 


evidence of syphilis. 


Because of the fact that the Wassermann test is a routine measure in 
the Tuberculosis Department of the Baltimore City Hospitals, the first 


TABLE 1 
125 autopsies on patients dying of pulmonary tuberculosis 


PERCENTAGE 
NUMBER NUMBER SHOW- SHOWING 


OF CASES ING VISCERAL 
VISCERAL 
AUTOPSIED SYPHILIS SYPHILIS 


: Diagnosis of syphilis based on history only..| . 10 20.0 

: Diagnosis of syphilis based on clinical findings. 16 81.25 

: Diagnosis of syphilis based on history and 
clinical evidence 11 

: Diagnosis of syphilis based on Wassermann 
reaction only 

: Diagnosis of syphilis based on history and 
Wassermann reaction 

: Diagnosis of syphilis based on clinical evi- 
dence and Wassermann 43 43 


63.6 
31 29.0 


14 42.8 


100.0 


three groups, as shown in table 1, embrace few cases. Group 2, while 
small, is interesting, however, in that the clinical diagnosis was based 
on findings in the heart and blood-vessels, which were recognized clini- 
cally as being syphilitic. The autopsies in this group showed syphilitic 
involvement of the heart or aorta in 13 of the 16 cases autopsied. 

On a clinical-pathological basis, group 4 represents the “latent syph- 
ilitic’ group, the diagnosis resting on the presence of a positive Was- 
sermann reaction alone, and the autopsies showing that only 9 of the 
31 subjects, or 29 per cent, revealed definite evidence of syphilis. 

Again, on a clinical-pathological basis group 6 represents the ‘‘active 
syphilitic’ group, the diagnosis resting on a positive Wassermann 
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reaction and clinical findings recognized as being syphilitic, the autopsies 
on 43 cases showing evidence of syphilis in 100 per cent. 

In these two groups 501 of our 659 cases are included, a number suffi- 
cient to justify conclusions drawn from a study of their comparison, if 
conclusions are ever justified in a study of advanced disease. 

Our study of these patients has led us to consider the association of 
syphilis and tuberculosis an especially unfavorable one, particularly 
should activity on the part of the syphilitic infection be present. 

This coincides with Brock’s experience (2) with the South African 
native, in whom he states that syphilis is responsible for the great prev- 
alence of tuberculosis and the high mortality from it. Carter (24) 
also is of the opinion that the coexistence of syphilis and tuberculosis 
renders the prognosis more grave. Norris and Landis (25), while stating 
that the course of tuberculosis in an old syphilitic does not differ from 
that occurring in a nonsyphilitic individual, note that it is a recognized 
fact that the association of the two diseases in an active form is particu- 
larly a vicious one, and that tuberculosis is rarely arrested in such cases. 
Scherber (26) also considers that tuberculosis is aggravated by the 
syphilitic infection, which in a general way recedes into the background, 
whereas the tuberculosis in a number of cases becomes alarmingly pre- , 
dominant, and promptly leads to death. From his own observations, 
Bramkamp (27) looks upon syphilis as playing a minor rdle in the joint 
infections, and has noted no effect, good or bad, of old syphilis on the 
course of tuberculosis. He quotes Fishberg as being of the opinion 
that syphilis influences tuberculosis so that it runs a mild course, showing 
a strong tendency to fibrosis. 

We have made the end-result of hospital treatment the basis for com- 
parison of our various groups, as better showing the result or effect of 
the association of the two diseases. The results reported are referable 
to the tuberculous disease. Cases reaching the quiescent, inactive, or 
arrested state are grouped under the term “Improved.” Cases dis- 
charged from hospital, still active or failing, are grouped under the term 
“Unimproved.” 

The improvement or unimprovement in the syphilitic manifestations 
is not noted here. We have attempted to exclude all cases in which 
death was not typically due to tuberculosis, from our autopsy as well 
as our clinical cases, as, for example, one patient with tuberculosis 
dying of ruptured thoracic aneurysm, and several in which the death 
was typically cardiac. 
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The end-results of hospital treatment in our 4,621 patients are re- 
corded as follows: 


per cent 
Improved 
Unimproved 


The end-results in our tuberculosis patients, uncomplicated by syphilis, 


show little variation from these figures, as follows: 
per cent 
Improved 
Unimproved 


The high mortality reported is explained by the fact that over a 
period of five years 52.5 per cent of our patients were classified as far 
advanced from the standpoint of their tuberculous disease on admission 
to the hospital. During the past year 24.6 per cent of patients admitted 
were considered practically moribund, from the standpoint of their 
tuberculous disease, inasmuch as death occurred in less than one month 
following admission to the hospital. 

Our two groups of tuberculosis patients in which syphilis was also 
present were divided into two classes for the purposes of comparison, 


depending upon whether treatment for the associated syphilis was given. 
In the group of tuberculosis associated with “latent syphilis’ are 
included 231 cases, the results being as follows: 


Syphilis Untreated per cent Syphilis Treated 
Improved Improved 
Unimproved 33.5 Unimproved 
46.3 Dead 


All cases were considered treated and included in the treated class, 
regardless of the inadequacy of much of the treatment. A single dose 
of arsphenamine was sufficient to include the patient in this class, as 
was also a history of treatment received in the past. It would appear 
that on treatment of the syphilis a slight decline in the death-rate and 
unimprovement, and a slight increase in the improvement of the tuber- 
culous disease resulted. The variation in our results, however, we 
considered too slight to be of any significance. 

In the group of tuberculosis associated with “active” syphilis are 
included 270 cases, showing the following results: 


Syphilis Untreated per cent Syphilis Treated per cent 
Improved Improved 
Unimproved Unimproved 
57.5 Dead 
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In the absence of treatment for the “active” syphilis, this group 
showed the highest death-rate from tuberculosis of any class of patients 
in the hospital. Under treatment for syphilis, however, this same group 
showed the highest percentage of improvement in their tuberculous dis- 
ease and a death-rate slightly lower than any other class of patients in 
the hospital. Comparing the treated and untreated patients in this 
group, we find that the death-rate declined 14.5 per cent, and the im- 
provement in the tuberculous disease increased 9.8 per cent when 
treatment for the “active” syphilis was given. 

In treatment, arsphenamine, neoarsphenamine or salvarsan has been 
used. We have noted no untoward result on the tuberculous lesion, 
nor an aggravation of symptoms; on the contrary, we are led to believe 
our patients generally benefited by such therapy. No unusual reactions 
have followed the use of arsenic, although Schlomovitz (28) has found 
that reactions, both cutaneous and systemic, with the arsenicals occur 
more frequently and are more severe in patients with a concomitant 
tuberculosis than in the nontuberculous individual. Mouradian (29) 
states that arsenic is definitely contraindicated in tuberculosis, so much 
so that all syphilitics should be examined for tuberculosis prior to being 
given this type of treatment. He advises the use of potassium iodide | 
when syphilis and tuberculosis coexist. - Olivera (30) advocates treat- 
ment with mercury in these joint infections. On the other hand, 
Jeanselme and Bloch (31) state that arsenic is not contraindicated in 
tuberculosis and that the tuberculous lesion is not aggravated, but that 
many patients are very definitely benefited by its use. Potter’s con- 
clusion (32), that the prompt employment of salvarsan is indicated in 
latent, chronic and moderately active tuberculosis as soon as the nature 
of an added infection is diagnosed with reasonable probability to be 
syphilis, coincides with our experience in the Baltimore City Hospitals. 


CONCLUSIONS 


1. The coexistence of syphilis and pulmonary tuberculosis has occurred 
in 14.2 per cent of the patients treated in the Tuberculosis Department 
of the Baltimore City Hospitals. 

2. Syphilis, as a latent condition, has shown little effect on the course 
of pulmonary tuberculosis, the results obtained being comparable with 
those in our nonsyphilitic tuberculosis patients. 
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3. Syphilis, as an active disease, has shown a decidedly unfavorable 
influence on the course of pulmonary tuberculosis, the death-rate being 
higher than in any other class of patients treated in the hospital. 

4, Beneficial effects of treatment with arsenicals have been secured 
without untoward effect on the tuberculous disease. By their use in 
our cases of pulmonary tuberculosis associated with active syphilis a 


TABLE 2 
Comparison of patients leaving hospital through death or discharge 


TUBERCULOSIS AND 
ACTIVE SYPHILIS 


TUBERCULOSIS AND 
LATENT SYPHILIS 


Syphilis 
untreated 


Syphilis 
treated 


Syphilis 
untreated 


Syphilis 
treated 


Tuberculosis improved 
Tuberculosis unimproved 


der cent 
20.2 
3325 
46.3 


ber cent 


25.0 
30.5 
44.5 


per cent 
27.4 
18.8 
57.5 


per cent 


38.2 
17.8 
43.0 


decline of 14.5 per cent in the mortality and an increase of 9.8 per cent 
in improvement were noted. 


We wish to express our appreciation of the great assistance of Dr. A, Ex Manginelli, in 
the translation of foreign articles, and of the coéperation and assistance of our Pathological 
Department in placing the autopsy records at our disposal. 
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THE ACTION OF COUGH UPON MATERIAL IN THE 
TRACHEOBRONCHIAL TRACT 


An Experimental Study 
A. LINCOLN BROWN anp EDWARD ARCHIBALD 


If one were asked such a question as What is the function of cough? 
the reply would probably be that it is to clear the respiratory tract of 
either an irritant or a block to the free passage of air in and out of the 
tracheobronchial tree. Thus, the general conception would be that the 
act of coughing results in an expulsive force, which tends to drive what- 
ever substance is producing the irritation, or block, up and out of the 
respiratory tract. The purpose of the experiments under consideration 
was to determine whether or not this was the sole result of the act of 
coughing upon material in the tracheobronchial tree. For it had 
occurred to one of us (1) that cough, under certain circumstances, might 
actually be the means rather of spreading the material producing the 
irritation deeper into the finer ramifications of the pulmonary tree than 
of expelling it. 

Physiological Considerations: While cough may be a voluntary act, it 
is generally a purely reflex and unconditioned response, depending upon 
local irritation in the air-passages originating nerve impulses which are 
transmitted by afferent fibres in the vagus nerve. The efferent portion 
of the reflex arc is completed through motor nerve fibres innervating the 
intrinsic and accessory muscles of respiration. The excitation of these 
motor nerves results in a contraction of the muscies involved. The 
abdominal muscles contract, bringing about an increase in intraabdom- 
inal pressure, which is transmitted through the semirigid diaphragm into 
the thoracic cage. The intercostal muscles, aided by the abdominal 
and lumbar groups, tend to elongate the bony framework of the thorax 
and thereby markedly decrease the average diameter of the latter. The 
accompanying contraction and fixation of the diaphragm further narrows 
the chest cavity, and completes the contraction of the boundaries of the 
thoracic cage, except for the upper segment represented by the neck. 
This is held rigid by the long muscles of the neck, leaving only the exit 
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through the trachea unaccounted for. The sum-total of the contraction 
of all the muscles involved results in a sudden diminution of intrathoracic 
capacity, with a corresponding concentric rise in intrathoracic pressure. 
The latter is readily demonstrable with a pneumothorax manometer and 
needle inserted into the thorax during cough. And, furthermore, the 
height of the manometer reading during cough will be the same, regard- 
less of which portion of the chest cavity is tapped, thus demonstrating 
the existence of a uniform concentric rise-in pressure from all sides. 
Hence a uniform pressure comes to be exerted upon all portions of the 
lungs. An outlet for this increase in pressure is sought and is found in 
the sudden escape of air from the lungs through the trachea, larynx and 
buccal cavity. This sudden expulsion of air is recognized as the common 
manifestation of cough. 

Any foreign substance in the tracheobronchial tree may be capable of 
stimulating the cough reflex. However, it has been demonstrated re- 
peatedly that a tolerance to the excitation is rapidly obtained (in a 
matter of minutes), by virtue of which the reflex is lessened and is often 
temporarily entirely lost. On the other hand, all portions of the pul- 
monary tree are not equally excitable. Jackson (2) concluded from bron- 
choscopic observations that the finer subdivisions of the tracheobron- 
chial tree, together with the alveoli, show decidedly less cough production 
from instrumental contact than the larger bronchi, while Reinberg (3), 
working with the fluoroscope, found that secretions in the peripheral 
bronchial tree. (filled through a bronchial fistula) produce no cough in 
bronchi of the fifth, fourth or third order, cough being produced only 
when the second or first order or the trachea is filled. We ourselves, 
while operating under local anaesthesia upon a patient with a long- 
standing pulmonary abscess which had recently been exposed by thora- 
cotomy, observed that cough was readily initiated when the larger 
communicating bronchi were probed. In a case of pulmonary abscess, 
opened through a large window in the chest, in the base of which there 
opened a number of bronchi and bronchioles, we made the observation 
that cough was readily initiated when a probe was inserted into one of 
the larger bronchi, while a similar procedure was quite without effect in 
the case of the bronchioles. Moreover, if the probe were passed deeply 
in, through one of these smaller openings, it would finally, at a depth of 
one to two inches, reach presumably one of the larger bronchi, where- 
upon cough would be immediately provoked. 

Moreover, the act of coughing, although itself primarily a forced ex- 


{ 
i 
4 
ig 
: 
4. 
pay 
Ra 4 
| 
q 
he 
+ 
: 
= 


THE ACTION OF COUGH 113 


n piratory effort, is immediately preceded or followed by a markedly 
c increased inspiration. This becomes most evident during a so called 
Z spasm of coughing, when one observes a rapid succession of deep inspira- 
d tory and increased expiratory efforts. 

€ Thus, we may consider two a priori factors whereby cough may actu- 
4 ally spread material deeper into the pulmonary tree rather than merely 
‘4 

1 

1 
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Fic. 1 
Fic. 1. DIAGRAM TO ILLUSTRATE How THE INCREASED INSPIRATORY RusH oF Arr, WHICH 
FotLtows CoucH, STRIKES SUBSTANCES IN THE TRACHEOBRONCHIAL TREE 
AND May SprEAD THEM INTO THE FINER ALVEOLI 

(See page 114) 


Fic. 2. To ILLUSTRATE THE MECHANISM WHEREBY MaTeRIAL May BE Driven 
DISTALLY BY COUGH, OR SPREAD INTO NEIGHBORING ALVEOLI, WHEN A 
Biock Exists PRoxIMAL TO THE MATERIAL IN QUESTION . 


(See page 115) | 


expel it, namely, (1) the inspiratory rush of air and (2) the expiratory 
effort. 

The Inspiratory Rush of Air: It is obvious that.a single cough does 
not always clear the pulmonary tree of the irritating substance. There- 
fore, we may assume that in many instances this irritating substance is 
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acted upon by the increased inspiratory rush of air which follows cough, 
and which may possibly carry it, or a portion of it, on into the finer 
bronchioles or even into the alveoli (figure 1). In case the entire mass 
has been transported by the inrush of air, either in toto or in a subdivided 
state, we then have a situation in which a substance, which originally 
was in a sensitive area of the pulmonary tree, is now in a region where 
its presence produces no stimulation to cough. Even if the greater part 
of the substance is subsequently expelled by cough initiated elsewhere, 
it is still clear that we have witnessed a chain of events whereby particles 
may be transported, by one phase of the act of coughing, downward into 
the finer ramifications of the pulmonary tree, where they may come to 
rest. If, now, this material happens to be of an infectious nature we have 
the stage set for the possible initiation of a pathological process. 

The Expiratory Effort: Since the advent of the use of opaque substances 
for the X-ray and the fluoroscopic visualization of the pulmonary tree, 
it has become possible to witness what actually occurs during cough; 
and several reports of the spreading action of cough have appeared in the 
literature. For example, Ameuille (4), having injected a tuberculous 
pulmonary cavity in the right lower lobe with iodized oil, noted that the 
material dropped to the bottom of the cavity. Then, with three succes- 
sive coughs it was spread into the middle lobe, then to the lower lobe of 
the other side, and finally coughed up. This important observation 
affords a visual demonstration of the spreading action of cough, and 
suggests the mechanism of the production of bronchial embolism. Bal- 
lon (5) noted a similar phenomenon occurring in a patient who had had 
lipiodol injected into bronchiectatic cavities. Here, after a few minutes, 
cough was seen to empty the cavities and disseminate the lipiodol widely 
throughout the pulmonary field. Ameuille points out that this illus- 
trates how aspirated infectious material may be scattered by cough to 
all portions of the lung. 

We wish now to point out another manner whereby, under certain 
conditions, the expiratory effort itself may be the means of spreading 
or forcing material deeper into the pulmonary tree rather than expel- 
ling it. Let us suppose that there is a block, such as might be produced 
by a plug of mucus or a bronchiolar spasm, in a proximal bronchus. 
Then we may imagine that material distal to the block is forced toward 
it by the expiratory forces during cough, is unable to pass the block, 
and then immediately after cough is carried on the rebound distally be- 
yond its original depth of penetration either toward the original alveolus 
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or now into new areas. Thus, in figure 2, supposing a block to exist at A, 
then the material B approaches A during cough and immediately after- 
ward is carried distally toward or into the alveolus C or possibly other 
alveoli distal to the block, such as D or E. However, regardless of the 
exact mechanism whereby the result is obtained, it has, as noted above, 
been repeatedly observed clinically that cough may be the means of 
spreading material in the tracheobronchial tree, and the following ex- 
periments are presented with the view of showing that cough may more- 
over drive substances deeper into the pulmonary system. 

Experimental Method: In order to be able to visualize and secure per- 
manent records of the action of cough upon material in the tracheobron- 
chial tree, it was determined to use a susbtance which would cast a 
shadow by X-ray. The iodized oil, lipiodol, was selected because of its 
excellent radiographic properties, the ease of its introduction and the 
possibility of incorporating it with other substances. Three sets of 
experiments were planned: one with oil alone; another with equal parts 
of the oil and thick sputum (obtained from a human case of bronchiec- 
tasis), the oil and sputum being throughly mixed by repeatedly drawing 
them back and forth through a narrow-mouthed syringe until a perfect 
emulsion was obtained, of a fluidity approximately equal to the oil alone; - 
and the third consisting of thick tenacious masses of sputum, into which 
the oil was injected by means of a very fine needle and syringe, in the 
proportion approximately of one part of oil to two of sputum. 

The experiments must further be subdivided into (1) instances in which 
no attempt was made to induce cough, (2) instances in which cough was 
induced by mechanical stimulation of the posterior pharyngeal wall, 
and (3) instances in which to the mechanically induced cough there was 
added an artificial block to the expiratory force. This block was pro- 
duced by compression with the fingers, through the pretracheal tissues, 
of the upper tracheal segments. 

The method of introduction consisted, first, in general ether anaes- 
thesia, sufficient to abolish cough but light enough so that the cessation 
of anaesthesia almost immediately brought about a return of the cough 
reflex. The introduction of the lipiodol alone or the lipiodol-sputum 
emulsion was carried out in 2-cc. amounts by the intercricothyroid 
route, after first determining the position of the needle in the trachea 
by the free aspiration of air into the syringe. It was found necessary 
to perform a tracheotomy for the introduction of the thick sputum 
masses, which had been injected with the iodized oil. This was done 
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through a tight-fitting tracheotomy tube, with the cannula in place, so 
that all respiration went on through the tracheotomy opening and none 
via the pharynx. Moreover, because these large masses of sputum 
tended to block the trachea, it was found advisable to introduce them 
at the onset of an inspiratory effort, so that they would surely be carried 
as far as the bifurcation, and thus allow at least partial respiration to 
proceed. In all cases, once narcosis was established, the animals, being 
fastened upon an animal board, were placed on an inclined plane of 30°, 
head up, so as to facilitate the flow of the oil into the finer bronchi. Cats 
were used as the experimental subjects in all instances but one, when a 
dog was employed. 

Preliminary experiments were then conducted, in order to determine 
the rate at which lipiodol or the lipiodol-sputum emulsion flowed into 
the pulmonary tree under light general anaesthesia. This was done by 
taking a series of roentgenograms at intervals of two to three minutes, 
beginning immediately after injection. Four animals were used, two 
with the oil alone and two with the emulsion. The rate of flow in all 
instances was approximately the same. Thus, it was found that the 
larger bronchi were outlined in 2 to 4 minutes, that 8 to 10 minutes were 
required for good penetration of the finer bronchioles, and that maximum 
penetration, as determined by the X-ray, took place in 20 to 25 minutes. 
It is, of course, obvious that no true flowing action will occur with masses 
of thick tenacious sputum, so that in experiments with this substance it 
was unnecessary to take into account the time element. Thus, it was 
clear that if we were to observe any “‘indriving” action of cough, cough 
should be induced as soon after the introduction of the material as 
possible, and the X-ray record taken immediately. Therefore, the 
procedure adopted was to introduce the material, stop anaesthesia, and 
take a contro] X-ray. By this time, about two minutes, cough could be 
induced, following which another X-ray was taken, all of which could 
be done in well under five minutes and consequently before penetration 
of the finer bronchioles would normally have occurred. As soon as cough 
was obtained, narcosis was again continued, and this process could be 
repeated as often as desired, so that one might watch the further action 
of subsequent coughs. 


EXPERIMENTAL OBSERVATIONS 


In the present article we shall consider merely the direct action of 
cough upon the material introduced into the tracheobronchial tree, and 
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shall purposely omit from discussion al] secondary complications noted, 
such as pulmonary oedema, pneumonia, massive collapse of the lung, 
development of lung abscess, etc. These observations we hope to publish 
in the near future. 

Action of Cough upon Lipiodol or Lipiodol-Sputum Emulsion: Since it 
was found that similar results were obtained both with the oil alone and 


4 


FIG: 


Fic. 3. Cat XX. Shows extent of penetration of lipiodol-sputum emulsion three minutes 
after injection without cough. 

Fic. 4. Cat XV. Shows widespread penetration of lipicdol three minutes after injection 
and immediately after induced coughs without tracheal compression. 

Fic. 5. Cat XI. Shows fine diffuse spread of lipiodol-sputum emulsion 3 minutes after 
injection and one minute after induced cough with tracheal compression. 


with the emulsion, they are therefore considered under one head. Seven- 
teen injections were made in this group, two of which were unsuccessful 
because the material failed to enter the trachea, having been injected by 
mistake into the pretracheal tissues. In four instances it was impossible 
to elicit cough within the allotted time, so that in these animals anaes- 
thesia was stopped and they were taken as controls of the rate of expul- 
sion of the oil when no cough had been induced. In the eleven other 
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instances satisfactory cough was obtained, in five without tracheal com- 
pression and in six with compression. In some only one strong cough, 
while in others as many as twelve successive coughs, were induced. All 
the animals coughed more or less strongly upon coming out of the anaes- 
thesia, and several were observed to swallow material which had appar- 
ently been coughed up. Roentgenograms, taken on successive days, 


riG. FIG. 7 FIG. 8 


Fic. 6. Cat XX. Taken one day after figure 3. Shows very little increased density, 
practically all of the lipiodol having been expelled. 

Fic. 7. Cat XV. Taken4 days after figure 4. Shows some lipiodol still present as evi- 
denced by the increased density in both lower lobes, especially on the right. 

Fic. 8. Cat XI. Taken 20 days after figure 5. Shows a large amount of lipiodol still 
present, apparently in the finer bronchioles and alveoli, as evidenced by the diffuse and fine 
shadows cast. 


showed the length of time the opaque substance remained in the lungs in 
sufficient quantity to cast a shadow by X-ray. A comparison of these 
roentgenograms showed that. on the average, infiltration of the pulmo- 
nary tree with the opaque substance took place more rapidly and more 
completely with cough than without, and this observation was still more 
pronounced with cough plus tracheal compression. Figures 3, 4, and 5 
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are examples cf the degree of penetration under these three conditions, 
all representing conditions three minutes after the introduction of the 
oil and in figures 4 and 5 within one minute after cough had been in- 
duced, the latter with tracheal compression. Moreover, it was noted 


FIG. 9 FIG.10 FIG.1 


Fic.9. Cat XIII. Taken after injection, through a tracheotomy tube, of thick tenacious 
sputum, which had been injected with lipiodol. Shows the masses fairly intact. 

Fic. 10. Cat XIII. Taken shortly after figure 9 and immediately after cough with 
closure of the tracheotomy tube. Shows no great change in the position nor spread of the 
injected masses of sputum. 

Fic. 11. Cat XIII. Taken after the removal of the tracheotomy tube, cessation of 
anaesthesia and 30 minutes after figure 10. Shows no foreign shadow, the material having 
been expelled. 


that the oil tended to remain longer in the lungs of those animals in 
which cough had apparently caused a deeper penetration, and that it 
remained longest in those instances in which tracheal compression had 
been employed. This was probably due to the fact that with induced 
cough, and especially with cough in addition to tracheal compression, a 
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larger quantity of oil reached the alveoli than was the case when the flow 
of the oil was uninfluenced by artificial factors. 

Figures 6, 7, and 8 correspond to figures 3, 4, and 5 in that they are 
subsequent X-rays of the same respective cats. They illustrate, com- 
paratively, the amount of iodized oil remaining in the lungs. Thus, 
figure 6 taken one day after figure 3 shows practically no lipiodol remain- 
ing in the lungs, these being X-rays of a cat in whieh no cough had been 
induced." - Figure 7; which was taken four days aftér the introduction of 
the oil in a cat int which cough had been induced, shows a considerable 
quantity of the gil still 2 s¢tu, while figure 8, taken twenty days after the 
introduction of the oil, shows the greatest quantity of the oil remaining 
after the longest period of time. It is, of course, to be understood that 
the amount of oil present and the length of time it remained in the lungs 
differed somewhat at every trial, but the above illustrations demonstrate 
fairly well the type of variations noted under the given experimental 
conditions. The actual presence or absence of the oil in the finer bron- 
chioles and alveoli was further demonstrated in every case by frozen 
sections stained with scharlach-R or sudan-III. 

Action of Cough Upon Tenacious Sputum Injected with Lipiodol: In 
this group six injections were made, all through a tracheotomy tube. 
The first two attempts were unsucessful, as the injected material blocked 
the trachea and the animals died of asphyxiation. It was then found 
that if the mass was injected at the beginning of an inspiratory effort it 
would be carried to a point just beyond the bifurcation, and hence at 
least unilateral respiration might continue. Thus, in four instances 
we were able to note the effect of induced cough together with tracheal : 
compression upon thick tenacious sputum. It was observed that, al- 
though the mass might be forced slightly into the larger bronchi, it was 
not broken up or forced into the finer bronchioles or alveoli. Thus, the 
material came to rest in a sensitive area, in which it might subsequently 
induce normal reflex cough. This was found to take place, and subse- 
quent X-rays showed that the material was soon expelled. Figure 9 
shows the masses fairly intact, and in figure 10, taken after cough with 
tracheal compression, we note no great change, while in figure 11, taken 
thirty minutes later, no foreign shadow is noted, the material having 
been expelled. Apparently then, whereas cough may tend to drive a 
fluid substance, such as lipiodol or lipiodol-sputum emulsion, deeper into 
the pulmonary tree, it is incapable of similar action upon such material 
as thick tenacious sputum. 
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CLINICAL APPLICATION OF THE OBSERVATIONS 


Since it has thus been shown that cough may actually force material 
similar in consistency to lipiodol deeper into the pulmonary tree, the 
question logically follows whether or not, in certain surgical procedures, 
cough is not more likely to be a danger than a safety. If this were the 
case, one’s aim should be to abolish rather than maintain the cough 
reflex. This problem arises particularly in thoracoplastic operations 
for the compression of tuberculous lungs containing cavities. Here 
there is the possibility that a considerable quantity of fluid pus may 
suddenly be expressed, by operative manipulations and by the falling in 
of the chest-wall, into the trachea and larger bronchi. In patients who 
are being operated on under local anaesthesia, as so generally recom- 
mended (in order to preserve the cough reflex) or under extremely light 
general anaesthesia, cough would be immediately induced. The like- 
lihood then exists that the patient, while getting rid of a part of the 
pus, may easily force some of it into the alveolar spaces of the healthy 
lung. Having arrived in the alveoli, it may readily remain a sufficient 
time to cause, by contact, an acute tuberculosis. On the other hand, 
this complication might be obviated by the use of a general anaesthetic 
during operation, and by sufficient quantities of morphine both before 
operation and for at least twenty-four hours afterward to abolish the 
cough reflex; and the possible effect of gravity can be obviated by operat- 
ing with the head and chest of the patient inclined downwards. Pos- 
tural drainage, in this sense, at the time of operation will aid in the 
immediate elimination of the greater part of the fluid pus escaping from 
cavities. 

This action of cough may likewise be the explanation of the manner 
in which vomitus and material from the buccal cavity reaches the alveo- 
lar spaces. Aspiration probably carries the material into the trachea 
and larger bronchi, but it is difficult to conceive that aspiration alone 
could take the material as far as the alveoli, where of course it would 
have to come to rest to produce postoperative pulmonary infection. 
It appears far more likely that, this fluid material having been aspirated 
into the trachea and larger bronchi, subsequent cough expels the major- 
ity, but forces some of the more fluid part of it into the alveolar spaces. 
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SUMMARY AND CONCLUSIONS 


1. The physiology of the act of cough is considered. 

2. The experimental results of the action of cough upon lipiodol, 
lipiodol-sputum emulsion and thick tenacious sputum, which had been 
injected intratracheally in cats, are presented. 

3. It was observed that cough alone increased the rapidity and degree 
of penetration of lipiodol and lipiodol-sputum emulsion, and that this 
was even more marked when tracheal compression was applied, thus 
showing an actual “‘in-driving”’ action of cough. 

4. No similar “in-driving”’ action of cough upon thick tenacious spu- 
tum was noted. 

5. The relation of cough to certain postoperative pulmonary compli- 
cations is briefly discussed. 

6. It is concluded that cough may tend to drive fluid substances, 
similar to lipiodol, deeper into the pulmonary tree and that it is incapable 
of like action upon a heavier substance, such as thick tenacious sputum. 

7. We wish especially to draw attention to the fact that, whereas the 
usual action of cough is to expel material from the tracheobronchial tree, 
it may, under certain conditions, actually bring about the opposite re- 
sult, that is, drive material deeper. 
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THE ADEQUATE MEDICAL CARE OF PULMONARY 
TUBERCULOSIS IN HOMES! 


JOSEPH H. PRATT 


At the outset of any discussion of the home treatment of pulmonary 
tuberculosis it is well to emphasize both its importance and its difficulties. 
Most patients must be cared for at home during some period of the 
disease, even when adequate sanatorium treatment is available, and for 
the majority of patients even to-day the only treatment possible must 
be begun and completed in their homes. The difficulties in the way of - 
successful home treatment, especially among the poor, are well recog- 
nized. In fact, many physicians in tuberculosis dispensaries, who have 
given themselves seriously to the task of providing adequate medical 
care for their patients, have had their enthusiasm so dampened by the 
poor results obtained that they have abandoned their earnest efforts to 
effect cures after a year or two. 

For three years, beginning in 1902, what I did for the tuberculosis 
patients under my care in the out-patient department at the Massa- 
chusetts General Hospital did not result in a single recovery. I urged 
the patients to rest out of doors from four to six hours daily and to bring 
me a record of the actual number of hours spent in the fresh air each day. 
I asked but little of them and they did less. Instead of four or six hours 
out of doors the record would read two or three, and on some days zero. 
A nurse would call sometimes at my request, but she gave only general 
instructions regarding the prevention of infection, and urged either 
admission to a sanatorium, if the patient was eligible, or regular visits to 
the dispensary. She made no real contact with the patient or his 
family, and I found from inquiry that subsequent visits after the first one 
were simply a repetition of advice already given and made little or no 
impression upon the patient. After a short time he would become 
discouraged and cease to visit the hospital. 

After I had treated for a few weeks a poor fellow, with early tubercu- 
losis, in whom I was especially interested, I visited his home and learned 


1 Presented before the Sociological Section at the twenty-second annual meeting of the 
National Tuberculosis Association, Washington, D. C., October 6, 1926. 
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a needed lesson. He had followed fairly well for a few weeks, I thought, 
my advice in regard to resting in the open air. When I called I found 
that his home had a good-sized yard, with a south and west exposure 
and an uncovered porch on the second floor. Inquiry revealed how 
inadequate was the rest he was taking. He would sit out in the yard on 
the south side of the house for an hour or so in the morning, and then the 
monotony of doing nothing would drive him into the house. A little 
later he would take a seat on the west side and, after remaining there 
a while, he would again go into the house. So he passed the day, sitting 
first in one place and then in another in any chair that was near at hand. 
He was discouraged when I called on him, and a little later he gave up 
the treatment, as most of us probably would have done. This experience 

_convinced me, first, that the patient should have the exact spot selected 
for him where he is to take the prescribed rest; second, that he should be 
made comfortable by having a proper reclining chair or cot; and third, 
that he should be in this place all the time unless definite permission had 
been given to be somewhere else. Without these guiding rules I feel 
sure that I could not have carried out successfully the work I organized 
in July, 1905, and conducted for over seventeen years with the aid of 
funds furnished by Emmanuel Church of Boston. The organization was 
called a class, and patients were only admitted after they had agreed to 
be governed by the rules of the class. From the outset, instead of urging 
the patient to take a few hours’ rest in the open air I demanded rest for 
twenty-four hours unless the patient were allowed exercise. When 

“exercise was permitted, its kind, amount and duration were prescribed 
with the same precision that a drug is given. 

The class method was described in detail in early papers (1) and a more 
recent article (2) has dealt with the history of the development of the 
class plan of treatment. In supervising the treatment of other diseases 
the plan is widely used at the present time. Dr. W. R. P. Emerson has 
established nutrition classes for children in many cities of the United 
States. At the Peter Bent Brigham Hospital of Boston, Dr. Henry A. 
Christian has fostered their organization in diabetes, chronic bronchitis, 
asthma and heart disease. The principles of class treatment and their 
application to various chronic diseases have been presented in a previous 
paper (3). 

I still feel that the class plan is especially adapted for supervising treat- 
ment in pulmonary tuberculosis, although it is a fact that most of the 

classes that were organized in large numbers fifteen or twenty years ago 
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in this country were given up after a few years. The chief cause of their 
failure was, I believe, the lack of a rigid rest treatment and insufficient 
study of the needs of the individual patients and of obtaining the means 
to meet these needs. Some had a successful career and accomplished 
much good. Special mention should be made of the work of Dr. N. K. 
Wood of Boston, who has personally directed a tuberculosis class sup- 
ported by Arlington Street Church for twenty years. His class now 
forms one of the group of classes that meet regularly in the outdoor 
department of the Brigham Hospital. 

In my first report (4) I said, ““We have been fortunate in having a 
small class and so we have come to know our patients not simply as this 
case of fibrous phthisis and that case of pyopneumothorax but as Elmer 
and Patrick,” meaning thereby that our relations were close and cordial. 
The paid social worker was called a friendly visitor. She was instructed 
by me in the details of treatment I wished carried out, and in the patient’s 
home she spoke with the authority I vested in her. She aided the 
patient’s family to obtain funds for carrying out the treatment, and 
sought to secure from landlords the use or construction of balconies. If 
the location of the house offered no suitable place for rest in the open air, 
she aided the family in securing a more desirable house or tenement. In 
the later years of the class some patients were treated indoors in well- 
ventilated rooms, but Miss Popp, the social worker from 1915 on, insisted 
that the patients were always more contented and did better when in bed 
out of doors. 

The first social worker, as well as her immediate successors, were 
trained nurses, but equally successful were Miss June K. Hills and Miss 
Pauline Popp, who without a nurse’s training, did the work most effi- 
ciently for fifteen years. 

The rest treatment was employed from the outset. For the first year 
exercise was prescribed in measured amount, and was regarded as an 
essential part of the treatment in an afebrile case. Rest in reclining 
chairs, according to the method of Dettweiler, was employed. From the 
middle of 1906 on, prolonged bed-rest was the treatment used. Home 
conditions were such that in some instances nonfebrile patients were 
allowed to bathe themselves, and to take their meals at the table, when 
I would have preferred more strict rest. They also made regular visits 
to the class meeting when their condition permitted. Exercise, however, 
was not regarded as a means of arresting the tuberculous disease, and 
was limited as much as possible during the active stage. I look upon 
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exercise as the sugar-coating on the rest pill. Before the patient was 
discharged as fit to work he was given exercise in sufficient amounts to 
put him in as good physical condition as possible. But walks of more 
than an hour’s duration were rarely ordered, and hard physical work was 
not allowed. 

The class visitor was required to make careful records, including a 
brief note after each visit to a patient’s home. A note was also made by 
myself or my medical associate when a patient attended a class meeting. 


A TYPICAL CASE REFORT 


A clearer idea of the details of the method used may possibly be con- 
veyed by presenting some of the notes of a single typical case. The first 
note made by the class visitor, Mrs. June Hills Hunter, in the case of 
John O. is as follows: 


April 12, 1920. John O., aged 26 years, 000 Washington Street, Dedham. 
Born in Massachusetts. Patient referred by Dr. Worthington of Dedham, 
who examined patient and also examined his sputum, finding it positive. 

Dr. Worthington took Mrs. Hunter to call on the patient. She did not get 
a full history because of the doctor’s limited time. Patient lives at home with 
his parents and sisters. Worked up to last Friday, April9. There is evidently 
no financial difficulty. Dr. Worthington states that there are three sisters 
working. Patient is crippled by having had infantile paralysis. House has 
no porch, but has a good yard. Family are to move, May 1, to house which 
has a porch where patient can sleep; patient will now occupy bed in second 
story front, which is the only room having two windows. 

Patient promised to go to bed and follow strict treatment. Mother says 
she will bring him his meals and make arrangements so he will not have to go 
to the bathroom. Will stop tea and coffee, and will drink milk, etc. Visitor 
left. record-book, and showed him how to use the thermometer and take his - 
pulse. Patient will get sputum-cups. Dr. Worthington says he will give him 
some “refills,” which he has at the office. Pulse 74, temperature subnormal. 


At this first visit Mrs. Hunter filled out the form shown in figure 1. 

This printed outline for securing data was designed by Mrs. Hunter 
after several years of experience in our work, and it proved entirely 
satisfactory. In addition to a social history the nurse entered on this 
sheet a brief family and past history. A picture of the patient, as he 
appeared before he began treatment, is shown in figure 3. The nurse’s 
second visit was made four days after the first. It is seen from the 
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following notes that rest treatment in bed had been begun without delay. 
Additional information required for the case-record was now obtained, 
and entered on the record and also on the printed outline: 


April 16: Mrs Hunter called. Found patient in bed in back room. Has 
been there since last visit. Patient’s temperature has been 96.9°, but do not 
think he kept thermometer in mouth long enough. He thinks thermometer 
defective, so will get one in the village. Pulse 94. Sputum about 2 table- 
spoonfuls; greenish-white. Bowels move three or four times a day, but mo- 
tions are not loose. Has had a good appetite, though would not eat much for 
breakfast. Drank two cups of strong coffee and one of strong tea. Smoked 
about twenty cigarettes a day. Drank no milk; no intoxicants. 

Past History: Mother states he was 13}-pound bottle-fed baby and always 
delicate. At five years of age had infantile paralysis, which resulted in right leg 
being shorter than the left. Has also had measles, mumps, scarlet fever and 
chicken pox. Patient learned harness-making when sixteen years of age. 
Worked off and on, but would not go to school. Afterward worked at leather- 
bag making in Boston. Did riveting, using right arm all the time. This was 
last job. Building was modern, with good light and ventilation; not over- 
heated. Worked eight hours a day. 

Family History: Negative for tuberculosis. Sister May had mastoiditis, 
following scarlet fever at six years of age, and ears have been running ever 
since. She is deafat times. Her weight is 145 pounds. 


One more visit was made before the patient attended his first class 
meeting. He lived about ten miles from Boston, and the trip was delayed 
until he had taken bed-rest treatment from April 12 to May 6, nearly a 
month. Cases of active nonfebrile disease, in which the diagnosis of 
pulmonary tuberculosis was clear, were usually given treatment for 
several weeks before they were allowed to attend a meeting of the class. 
When I first saw him at the meeting on May 6, 1920, I wrote the following 
history of his illness: 


Present Illness: Dr. Worthington found tubercle bacilli in sputum, February 
12, 1920; no examination since. Consulted Dr. Worthington for cough, 
which began middle of December, 1919. Began to raise sputum middle of 
January. At first yellow, later greenish. Raising about two teaspoonfuls 
by February 12. Much cough then, chiefly at night. About February 1 
began to have night-sweats every night; none noticed earlier. Knows he had 
lost weight. When doctor came temperature was 101°. He worked up to 
February 12. 

At first visit Dr. Worthington examined his chest. Took sputum the first 
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day. At second visit, two days later, told patient he had pulmonary tuber- 
culosis. Told patient he had trouble at the top of the right lung, and that he 
must stay in bed. Dr. Worthington suggested at second visit that he go toa 
sanatorium. Patient told him that he was not going because he did not like 
the idea. After a couple of days patient felt better; cough had been lessened 
by medicine. He got up every day and “loafed around the house;” in the 
afternoon would walk about the streets, spending much time in pool-rooms. 
He kept up his smoking; about twenty cigarettesa day. He was still coughing 
almost “all the time,” but more at night than during the day. Returned to 
work against advice after three weeks. Worked eight hours a day, riveting 
handles on leather bags but this did not tire him. Thinks he was continuing 
to lose weight. Worked about three weeks, and then raised blood one day 
while working; three or four small masses of bright red blood, not over a tea- 
spoonful in all. This was on April 4. Five days after spitting the blood he 
met Dr. Worthington on the street. Dr. Worthington told him if he contin- 
ued to work he would be committing suicide. He returned home and went to 
bed. Dr. Worthington told him of the class. Patient agreed to join. Three 
days later Mrs. Hunter called, and treatment was begun. My findings on the 
physical examination of the lungs that day were as follows: 


The right front of the chest is almost motionless during respiration. 

Right lung. Dulness to the third rib in front and the upper half of the chest’ 
posteriorly. Kronig’s isthmus is obliterated. There is a loud bronchovesicu- 
lar respiration to the second rib in front, with tubular expiration. Consonating 
fine and moderately coarse rales to the second rib. Bronchovesicular breathing 
over the supraspinous fossa; no rales posteriorly. Friction rub over lower 
part of infrascapular region. 

Left lung: Dulness to the second rib right front and over the upper third of 
the back. Kronig’s isthmus obliterated. Bronchovesicular respiration to 
second rib anteriorly and over supraspinous fossa; prolonged expiration to the 
middle of the back. No rales over left lung. 


At each meeting every patient present was interviewed by me or my 
assistant, his record book inspected, and a note was recorded of the 
temperature, pulse and weight, and of the present condition and progress 
made. On John O.’s first visit I made the following note on his clinical 


record: 


May 5, 1920: Temperature 98.5°. Pulse 100. Weight 121% pounds. He 
has been taking bed-rest treatmert since April 12. Is feeling well. Did not 
get dressed until to-day. Did not learn to take his temperature until April 27. 
It was 99.2° that morning. Since then maximum temperature 99.2°. Pulse 
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not above 88. Cough stopped April 21. It had been steadily decreasing. 
Still raises a little sputum from the throat. It is scanty and whitish. Appe- 
tite good. Night-sweats are getting less frequent. 


The class visitor next called at his home on May 14, eight days after 
the trip to the class meeting in Boston. Her note is brief: “‘ Patient in 
‘bed in room, temperature 98.5°, pulse 82 at 2 p.m. Everything going 
well. Will very likely move before visitor calls again.” 

He was not seen again for nearly two months, when Miss Popp, the 
regular class visitor who had been ill when John began treatment, called 
for the first time. Her place had been taken by Mrs. Hunter, who had 
previously served as class visitor for seven years, and whose success in 
inducing patients to follow the rigid treatment, as well as in instructing 
them in the details to be followed, is worthy of highest praise. 


July 7, 1920: Called on patient at new address. Found family living in 
pleasant cottage on a hill, with woods to the back and side; excellent location. 
Found patient resting in Gloucester hammock on porch, which is covered and 
screened. Patient is very comfortably situated. Says he feels well. Tem- 
perature 99.4°, pulse 100 this afternoon (very warm day). Record-book shows 
maximum temperature 99° three times in June. Up for two meals, morning 
and evening. Appetite good until a few days ago. July 1, patient went out 
to have his hair cut and got weighed. Weight 138, a gain of 16 pounds in 
eight weeks. He was up about an hour and a half. Temperature 98.8° onhis 
return and 99° that night. The next day temperature wasnormal. Hedoes 
not cough and raises only a little sputum, usually after eating. He com- 
plains of his feet feeling sore. 


A picture of the house, to which the patient’s family had moved is seen 
in figure 2. It shows the porch where he took the rest treatment day 
and night. 

On July 29 he made his second visit to a class meeting. He had then 
been taking treatment over three months. His sputum, examined July 
14, still contained tubercle bacilli. I recorded the following short note: 
“Temperature 99.6°. Pulse 110. Weight 1423 pounds. Maximum 
temperature 99.6°, minimum 97°. Average afternoon temperature 98.8°. 
No cough. Raises a little whitish sputum after each meal. No night- 
sweats.” The class visitor wrote on his record under this date: “Patient 
in class. Weight 1423 pounds. He has gained 20? pounds in twelve 
weeks.” 

Abstract of Later Records: From July on, temperature when at rest was 
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FIG. 3 | FIG. 4 


Fic. 2. ON THE PorcH SHOWN HERE THE PATIENT TooK BED-REST TREATMENT 


Fic. 3. PHOTOGRAPH OF PATIENT TAKEN BEFORE THE ONSET OF DEFINITE SYMPTOMS OF 
PULMONARY TUBERCULOSIS 


Fic. 4. PATENT AT REST ON THE PORCH SHOWN IN Fic. 2 


Note the difference in his appearance from that presented before his illness in figure 3 
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normal. On August 13 visitor noted temperature had not been above 
98.6° since July 29. Next visit to class was on September 23, 1920, when 
it was found that he had gained 163 pounds, making a total of 37 pounds 
since May 6 and 44 pounds since he first went to bed. Figure 4 shows 
him in his hammock on the porch. He slept out during even the severe 
cold winter. The change in his appearance from that presented before 
his illness, figure 3, is so great that he looks like a different person. 

The sputum was found positive for tubercle bacilli on September 24, 
1920, and again on October 23. The first negative report was obtained 
on December 17, 1920. It was found negative subsequently on January 
7 and 14, February 18, March 1 and April 1, 1921. After that date he 
ceased to raise any sputum. . 


Rest and Exercise 


The patient attended the class meeting once a month from September 
to December, 1920. From February, 1921, he usually came every fort- 
night. On August 13, 1920, during the fourth month of treatment, he 
was allowed to be out of bed only for bath and breakfast. On November 
18, 1920, he went to the table for all three meals for the first time; on 
December 16, 1920, allowed five minutes’ exercise daily in the form of 
walking. On December 30, nurse recorded that he has decided not to 
take the five minutes’ exercise. February 17,1921, allowed to study one- 
half hour daily. 

On February 17, 1921, my associate, Dr. Grabfield, noted that in the 
previous two weeks John had practised absolute relaxation. He had 
kept a record of the time, and it totaled 35 hours. Even time spent 
watching children coasting down hill, although he was lying quietly in 
bed, was not included. It was as complete physical and mental repose 
and relaxation as he could attain. So far as I know, this plan of absolute 
rest was of the patient’s own devising. On February 28, 1921, he re- 
ported 42 hours of relaxation and eight to ten hours of sleep at night. On 
March 21 he stated that he had relaxed during the day, without sleeping, 
117 hours in two weeks. 

On this day a ten-minute daily walk was prescribed. On April 11 a 
fifteen-minute walk daily for a week was ordered to be increased to 20 
minutes the following week, and five minutes to be added to its daily 
length each subsequent week. He was instructed to take the rectal 
temperature before exercise and fifteen minutes after exercise. On 
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Cart 1. Maximum weight of John O. before illness, 115 pounds. In first year of treat- 
ment weight increased to 178 pounds, a gain of 63 pounds. Weight four years after returning 


to work, 167 pounds. 
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April 25, 1921, he reported that the rectal temperature was 99.4° fifteen 
minutes after completing his walks. By June 6 exercise had been in- 
creased to forty minutes daily. June 27, weight 1783 pounds, is up to 
55 minutes walk daily. May go to the ball games Saturday and Sunday 
and church Sunday. May work about place 30 minutes daily. On 
July 25, 1921, weight had increased to 181 pounds. He reported he was 
feeling well. No cough or expectoration. He was then working forty- 
five minutes daily, and walking one hour and forty-five minutes or less. 
He was resting all the time except during the exercise period. On this 
date work was increased to one hour, including fifteen to thirty minutes 
daily to be spent braiding string belts. 

September 26, 1921: Is up and about five to seven hours a day including 
time at meals and exercise. Maximum temperature 99.3° (rectal). 
October 24, 1921: Is working about one hour and walking one hour 
daily. Rests out of doors regularly at least three hours each day. 
November 7, 1921: Has a chance to address envelopes at home. May 
do this. Allowed to work four hours daily,—working and resting alter- 
nate hours. November 21, 1921: Work-period increased to six hours. 
December 5, 1921: Rests one hour after each meal and about three hours 
during the remainder of the day. Total bed-rest per day is five hours. 

January 23, 1922: Will work at his old trade. of sewing harnesses; 
part time, 8 A.M. to noon. Place of work is near his home. March 
6, 1922: Has worked four hours a day for six weeks. This has not tired 
him. Temperature never over 98.5°. May return to his old job of 
making leather bags, and work full time. March 27, 1922: Works in 
a first-floor basement with large windows, apparently under satisfactory 
conditions. Feels “fine.” Loafed all last week as factory was closed. 
Previous week worked eight hours a day for five days and four hours 
Saturday. 

June 30, 1922: Weight 1753 pounds. Opened up a store June 1 in 
Oakdale Square. He sells ice cream, ‘‘tonics,’’ candy, milk, and bread. 
Works from 9 A.M. to8 P.M. Sits down nearly all the time. Borrowed 
$300, and paid it back in three weeks. 


Mental Attitude 


During the first months of treatment the patient was in good spirits, 
and the rapid gain probably convinced him of the value of the rigid rest 
treatment. He codperated in every way. In October, 1920, the nurse 
recorded that “‘he finds it hard to stay in bed now that he feels so well.” 
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On December 16, at the class meeting, he said he could not stay in bed 
any longer. He complained that he felt wretched and very nervous. 
Indigestion had troubled him for two days, and he had no appetite. He 
had gained 48 pounds since his first visit to the class seven months before. 
I allowed him to take a five minutes’ walk daily. Instead of taking 
this exercise, which he felt I granted reluctantly, he took a different 
mental attitude. To use Dr. Trudeau’s fine phrase, he determined to 
‘conquer fate by acquiescence.”” He succeeded at once. His nervous 
symptoms disappeared and never returned. Soon after this espisode he 
began of his own volition to acquire the art of complete repose and re- 
laxation already described. 


Condition September, 1926 


He is well and working. Weight 167 pounds. He drives a light truck, 
selling vegetables from house to house for a truck farmer. He is married 
and has a healthy child 14 months old. 


Comment 


The codperation secured from this patient and the ease with which 


treatment was instituted were due largely to Dr. Worthington, the 
family physician, who made the diagnosis of pulmonary tuberculosis 
and referred the patient to the class. Eighteen visits were made by the 
friendly visitor to his home from April 12, 1920, to October 29, 1922, 
and a note made on his record after each visit. He attended 35 meetings 
of the tuberculosis class. At each meeting he was weighed and had his 
temperature and pulse taken by the class nurse. He also had, at each 
meeting, an interview with myself or Dr. Grabfield, who assisted me in 
the class. There were seven physical examinations made of the chest, 
and the findings recorded. RaAles were detected in the right lung at each 
examination except the last, which was made on April 14, 1922. Roent- 
gengograms of the chest, made by Dr. L. B. Morrison on December 5, 
1921, showed no evidence of active tuberculosis. The sputum was 
examined nine times. Four examinations, made during the first seven 
months, were all positive, while the remaining four during the following 
five months were negative. After March, 1921, he ceased to raise any 
sputum. 
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RESULTS IN CASES TREATED 


Now as to the results from this form of home treatment. Three 
hundred and twelve patients were admitted to the class from July 1, 
1905, to January 1, 1923. The class membership was limited to 25. 
We never refused to admit a patient, no matter how advanced the 
disease might be. Besides the 312 regular members, 67 were examined 
but failed to qualify for membership. Some of these refused to take 
the prescribed rest, others gave it up after a week or two. In some the 
condition was so hopeless that we did not encourage them to join. Some 
were referred to sanatoria or hospitals; a few were found not to have 
tuberculosis. Out of a total of 377 examined 312, or 84 per cent, were 
willing to follow the rigid rest treatment. 


TABLE 1 
Condition 3 to 20 years after leaving the class 


TOTAL 


Wage-earning power restored 126 
Living but not well when class was discontinued.......| 9 
Died while in class 65 
Transferred to sanatoria and hospitals 29 
Dismissed for disobedience. 13 
Left class voluntarily 47 
Moved away before finishing treatment 18 
Untraced after leaving the class with disease appar- 

ently not arrested 5 


312 31 | 157 


Of the 126 who remained in the class until I considered them able to 
work, 102 were well and working three to twenty years later, one is living 
but not well, and 22 have died. Four of the deaths were due to non- 
tuberculous diseases in patients who were free from symptoms of tuber- 
culosis at the time of their death. Including these four cases there were 
106 of the 126, or 84 per cent, that had no recurrence of the disease over 
a period that averaged more than 10 years (table 1). 

The real test of any method of treating pulmonary tuberculosis is the 
after-condition of the patients. It is easy to secure improvement in 
many favorable cases of chronic pulmonary tuberculosis by the simple 
expedient of having them stop work and spend much time in the open 
air. A vacation in the country for a few weeks will often be followed by 
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a lessening or even a disappearance of the symptoms. The improvement 
thus secured is of course rarely permanent. Brehmer’s dictum is well 
known but it cannot be repeated too often: “Consumption is a curable 
disease but a difficult disease to cure.”’ 

When death from tuberculosis occurs it is usually within two years of 
discharge in the far advanced, within four years in the moderately ad- 
vanced, and within six years in the minimal cases, as Heise and Brown 
(5) have recently shown. If a patient remains well for ten years it is 
strong evidence of the efficiency of the treatment used. 

Our patients usually returned to their former occupation. Nearly all 
followed indoor employment. Nearly all continued to live in the city. 
Attempts to take up new and more hygienic types of work were rarely 
successful. 


TABLE 2 
Condition of patients ten years after their discharge with wage-earning power restored 


STAGE TOTAL NUMBER LIVING DEAD PER CENT WELL 


40 1 5 85 
30 1 5 80 
14 1 5 57 


84 3 15* 79 


* Three of these did not relapse but died of other diseases. If the three patients who died 
of nontuberculous diseases be included the percentage of cases in which manifestations of 
tuberculosis did not recur is increased to 82. 


In table 2 is given the condition, after ten years, of 84 patients dis- 
charged from the Emmanuel Church Tuberculosis Class with wage- 
earning power restored. 

These results compare favorably with those obtained at the Trudeau 
Sanatorium for an equal period (6). One hundred and twenty-six of 
the 208 patients discharged from Trudeau in 1914, or 61 per cent, were 
well after ten years: 55 of the cases had been minimal on admission, 
144 moderately advanced and nine far advanced. Of the cases in the 
minimal stage 75 per cent were well, of the moderately advanced 57 per 
cent, and of the far-advanced 333 per cent. As the above table shows, 
85 per cent of our cases in the minimal stage, 80 per cent in the advanced 
and 57 per cent of the far-advanced were well after ten years. Grouping 
all stages together, 79 per. cent of our patients and 61 per cent of the 
Trudeau patients remained well ten years after returning to work. 
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The results at Trudeau Sanatorium are selected for comparison with 
our results because the Trudeau reports on the after-condition of patients 
are more complete’ than those of any other sanatorium of which I have 
knowledge. Furthermore, Kinghorn (7), in a comparative study of re- 
sults obtained by prolonged bed-rest and by the usual rest and exercise 
treatment, selected the Emmanuel Church Class and the Adirondack 
Cottage Sanitarium (Trudeau Sanatorium) for this purpose. My results 
published in 1917 are quoted. Of 191 patients treated by prolonged 
bed-rest in their homes, 107 (56 per cent) were well one to ten years 
after their discharge. Of 1,929 patients treated by rest and exercise at 
Trudeau, 1,195 (62 per cent) were well one to ten years after discharge. 
“Tt is thus seen,” says Kinghorn (7), “that the results obtained by the 
intensive bed treatment by Pratt are the same as those obtained by the 
ordinary treatment of rest and exercise as employed at the Adirondack 
Cottage Sanitarium.” Kinghorn in making this comparison overlooked 
two points of significance: First, we accepted patients in all stages of 
the disease, many of whom were in an apparently hopeless condition 
when admitted. Trudeau Sanatorium accepted, and rightly so, only 
favorable cases. Thirty-six per cent of our patients were in the far- 
advanced stage of the disease, while only 2.2 per cent of the Trudeau 
patients were far advanced. Second, we included in our results all the 
patients who died while under treatment in the class. This was a mis- 
take. No method of treatment of pulmonary tuberculosis at present 
available can be expected to check the disease in many far-advanced 
cases, especially in those with progressive lesions in both lungs. In the 
present analysis of results those who died while taking treatment were 
excluded. Comparing results obtainéd in first and second-stage cases, 
the tables given by Kinghorn show that 76 per cent of our patients and 
63 per cent of the Trudeau patients were well one to ten years 
afterward. 

In studying the results obtained with different form of treatment, it is 
well to compare the late and end-results in the open cases of pulmonary 
tuberculosis. When tubercle bacilli are found in the sputum the diag- 
nosis cannot be questioned. This is not so in many cases without this 
definite evidence of tuberculous disease. Undoubtedly included in the 
nonbacillary group are some cases which were not tuberculosis and some 
in which the activity of the disease had been arrested before the treat- 
ment was begun. 

English students of tuberculosis have recognized this, and we are able 
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to compare our results with those of the Brompton Sanatorium at Frim- 
ley, England. At Trudeau and other American sanatoria results in 
cases with tubercle bacilli in the sputum have not been studied separately, 
and so no comparison of our results in this class of cases can be made 
with those of any American institution. Late results from home treat- 
ment -in this or other countries have not been found. 

In chart 2 our results up to 1924 in patients admitted with tubercle 
bacilli in the sputum, who had their wage-earning power restored, are 


PATIENTS ADMITTED WITH TUBERCLE BACILLI IN THE SPUTUM 


© 


PERCENTAGE WELL AND WORKING 


1 2 > 4 5 6. 8 9 2z2 “4 16 
NUMBER OF YEARS SINCE DISCHARGE 


EMMANUEL CHURCH TUBERCULOSIS CLASS 
MIOHURST ——-——- FRIMLEY ------- RUTLAND ——— — 


LEGEND 


CHART 2 


compared with those of Frimley and also with those reported from 
Midhurst (King Edward VII Sanatorium) and from the Massachusetts 
State Sanatorium at Rutland. 

I have assumed that all the Midhurst and Rutland cases had tubercle 
bacilli in the sputum. I doubt whether this is correct, but they are 
given the benefit of the doubt; for, if nonbacillary cases are included, 
they would tend to raise the percentage of permanent recoveries, as 
other statistical studies have shown. The figures of Midhurst are 
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taken from a paper by Riviere (8). The Rutland figures were published 
in 1911 (9). 

In my class the prolonged bed-rest treatment was employed, and 
exercise not used as a means of cure. At Midhurst the ordinary hy- 
gienic-dietetic treatment was used, that is, the rest and exercise treat- 
ment. At Frimley it was graduated labor, according to the plan devised 
by Paterson. At Rutland insistence was placed upon life in the open 
air rather than on rest or exercise. The rest treatment df Dettweiler 
(Liege-Kur) was not employed, and exercise was neither forbidden nor 
enforced in the nonfebrile cases. The patients, however, took considera- 
ble exercise in connection with the out-door life. 

Chart 2 shows that, at the end of one year after returning to work, 96 
per cent of our patients were still working, while 69 per cent of the Mid- 
hurst and 61 per cent of the Frimley cases were able to work. At the 
end of five years 83 per cent of our patients were working and only 39 
per cent of either the Midhurst or Frimley patients. At the end of 
seven years 76 per cent of our patients and 23 per cent of the Frimley 
cases were well. At the end of ten years 67 per cent of our patients 
were well, in contrast to 34 per cent of the Midhurst and 25 per cent of the 
Rutland patients. It may be noted that at the end of 15 years 63 per 
cent of our patients were well, a larger percentage than Midhurst or 
Frimley could claim two years after discharge. Patients who died of 
diseases other than tuberculosis are included in our figures, although 
they had no recurrence of tuberculous disease. In the group followed 
for 15 years this amounted to 11.1 per cent. 

The fact that 50 per cent of the Frimley patients, within two years of 
their leaving the sanatorium, were no longer able to work, while only 5 
per cent of our patients were compelled to give up their work, cannot be 
explained entirely by the superiority of prolonged rest to graduated 
labor in the treatment. Our patients won their recovery in their homes, 
which had been made hygienic, and their familes at the same time had 
been trained in the value of rest, fresh air, sunshine and cleanliness in 
the prevention of the disease. The Frimley patients returned to their 
former homes, and often to families ignorant of the simplest rules of 
hygiene. It is quite possible, for this reason, that our results in home 
treatment are better than can be obtained by the same method of pro- 
longed bed-rest in a public sanatorium. Unfortunately, no figures are 
yet available for comparison. 

In table 3 later figures are given, based upon the condition of patients 
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up to September 1, 1926. The percentages vary but little from those 
given in chart 2. It is recognized that the number of cases is oversmall 
for statistical study. Open pulmonary tuberculosis is, however, such a 
fatal disease when untreated, or improperly treated, that any method 
that can show a large percentage of patients well and working after five 
years is worthy of serious consideration. 

For the past six or seven years prolonged bed-rest has been the method 
employed at Rutland in an increasing percentage of cases. Dr. E.B. 
Emerson, the Director, states that the immediate results are much better 
than those obtained by the fresh-air and rest-and-exercise methods, 


TABLE 3 


After-condition of patients with tubercle bacilli in the sputum on admission, and discharged with 
wage-earning power restored. Table based on reports received up to September, 1926 


| TOTAL NUMBER OF CASES NUMBER WORKING PER CENT WORKING 


59 57 97 
58 95 
58 90 
58 81 
56 82 


1 
2 
3 
4 
5 
6 
7 
8 
9 


formerly used there, and he is convinced, from the decrease in patients 
who relapse and return for treatment, that the end-results will be good. 

Although treatment by prolonged bed-rest in the open air in active 
afebrile phthisis was advocated by me at a meeting of this Association (8) 
as early as 1907, it was long before anyone publicly endorsed the method. 
During the past ten years it has grown in favor, and at the present time 
it is largely used in sanatoria and in private practice both in the United 
States and Canada. A further and important development of the rest 
treatment was introduced by Webb (11) of Colorado Springs and his 
associates. It consists in having the patient rest on the affected side 
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45 31 69 
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11 43 30 70 
12 43 28 65 
13 39 28 72 
14 33 24 72 
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many hours daily. Their first paper appeared in 1916 and a later report 
(12) in 1921 gave additional evidence of its value. 

INCIDENCE OF TUBERCULOSIS IN CHILDREN OF PATIENTS 


Danger of infecting other members of the household, especially little 
children, is a frequent objection raised against allowing consumptives to 


TABLE 4 


Number and age of children in homes of 44 class members: condition of health of those children 
after 5 to 21 years 


NUMBER 
THAT 
DEVELOPED 
TUBERCULOSIS 


years 


Under 1 


MANOA ONA st bo 


1 
2 
3 
4 
5 
6 
7 
8 
9 
0 
1 


-| Tuberculous cervical lymph nodes at 
19; pulmonary tuberculosis at 22; died, 
aged 23. 

Pulmonary tuberculosis at age 20; recov- 
ered, and is now well 


1 
1 


13 
14 
15 
16 
17 


0.35 


take treatment in their homes. The children of 44 households, in which 
class members dwelt, have been followed for from five.to twenty-one 
years. The average period has been twelve years. There were 88 
children in these 44 families, ranging in age from a few months to seven- 
teen years. Only two of these developed pulmonary tuberculosis 
(table 4). No cases among the children in these 44 families occurred 
while the patients were under class treatment. Only two of the children 
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subsequently developed tuberculosis. In both the disease occurred eight 
years after the time that a member of these families was treated in the 
class. 

These findings are in striking contrast to those reported by Miller and 
Woodruff of New York in 1909. They found that 51 per cent of the 
children of tuberculous parents which they examined had the disease. 
De la Camp, about the same time, found that in Berlin, among 1,043 
children of infected households, there were 656 scrofulous children and 
199 with affected lungs. Opie? in a recent careful study of the families 
of patients attending tuberculosis dispensaries in Philadelphia found 
manifest tuberculosis in 9.9 per cent of the children of parents who had 
tubercle bacilli in their sputum. Our experience confirms the truth of 
Cornet’s dictum that ‘‘The consumptive in himself is almost harmless, 
and only becomes harmful through bad habits.” 


CONCLUSIONS 


The results obtained in our tuberculosis class over a period of twenty- 
one years show clearly that adequate medical care is possible in the homes 
of poor tuberculosis patients by the methods used. Prolonged bed-rest 
in the open air was followed by arrest of the disease and restoration of 


wage-earning power in 126 of the 312 patients treated. The work had a 
preventive as well as a curative value, as only 2 of the 88 children in 44 
families, that were followed from 5 to 21 years, developed clinical tuber- 
culosis in any form. 
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THE LENGTH OF TREATMENT AND MORTALITY IN 
ARRESTED CASES OF PULMONARY 
TUBERCULOSIS 
A RESUME OF THE AFTER-HISTORIES OF 121 CASES AND A 


PROPOSED PLAN TO LENGTHEN THE PERIOD 
OF TREATMENT 


JOHN F. RUSSELL! 


The purpose of this paper is twofold, namely (1) to show that the 
length of life of arrested cases of pulmonary tuberculosis is largely deter- 
mined by length of treatment, and (2) to propose a plan by which the 
duration of treatment may be extended indefinitely. The first is based 
on a study of the after-history of 121 arrested cases and, because these 
were treated at a dispensary, which is unusual, this feature and the 
proposed plan are considered first. 

The dispensary was a private one in New York City, unconnected 
with any hospital or public organization, and established with the object 
of treating laboring people with pulmonary tuberculosis, regardless of 
extent of disease, while they lived at home and continued their regular 
employment. If the disease became arrested during treatment so much 
the better, but the main purpose was to teach patients how to maintain 
their ability to work while the disease was still active. The patients 
were shopgirls, clerks, bookkeepers, salesmen, stenographers, housewives, 
seamstresses, telephone operators, laborers, porters,—unskilled workers 
for the most part, with whom lack of employment commonly means 
want. The question for solution in the case of these numerous people 
is how to treat the largest number successfully without interruption to 
their work and, since the expense of their care falls upon the community, 
in the most economical manner. The accepted plan provided for this 
class, with its rigid selection of favorable cases and sending these to 
sanatoria for a brief period, is plainly inadequate, and I am proposing a 
substitute which I believe comes nearer to solving the question. The 
reasons in favor of a change may best be perceived in the light of the 
following well-known facts. 


1 New York City. 
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Persons suffering with pulmonary tuberculosis, who undergo treat- 
ment for their disease, may be likened to an apprentice who undertakes 
to learn a trade. In the case of the apprentice, the more industry he 
displays and the more he practises the use of his tools the more skilful he 
becomes; in the case of patients, employing the same diligence, the more 
skilful they become in practising the lessons taught the longer they live. 
In treating pulmonary tuberculosis the physician may not expect to cure 
the disease; that is beyond his resources; but he may expect so to train 
his ‘patient in habits of correct living that symptoms of the disease are 
reduced to a minimum. In successful treatment the patient offers 
obedience, an open mind and a sincere desire to learn; the physician 
offers skilled instruction. 

The chief aim in treatment is to teach the patient how to repair waste, 
how to improve nutrition. Whether in a sanatorium, at home, or else- 
where, the object is always the same,—to develop and strengthen the 
inherent defences of the body. There is no known specific remedy or 
method of cure; the word Cured, unqualified, is not employed in classi- 
fying results. Long experience has taught, however, that the combina- 
tion of improved nutrition and an uncertain measure of immunity, 
acquired with the disease, prolongs and renders life useful. 

It has been found that when nutrition improves symptoms of the 
disease improve, and the nearer normal nutrition becomes the greater 
the relief from symptoms. In many instances relief may be so complete 
that all symptoms disappear, never to return although tubercle bacilli 
are still present in the body. When symptoms disappear it does not 
mean that the disease is cured; it merely means that the disease, for the 
time being, has come to a halt; for, should nutrition again become im- 
paired, symptoms of disease may again appear and the patient is said to 
have relapsed. Relapse is a frequent occurrence. Until the patient is 
thoroughly trained, the balance between the forces of nutrition and 
disease is easily disturbed, and seemingly small indiscretions may result 
in relapse. Patients often confuse arrest of disease with cure of disease, 
and in this confusion lies the explanation of a great number of avoidable 
relapses. Fortunately, relapses are not necessarily fatal and, as a result 
of training, patients are frequently able to modify their duration and 
severity. Until a direct cure is discovered, arrest of disease will ever 
remain a vain thing for safety unless it is intelligently guarded and sus- 
tained. Nevertheless, arrest of disease is the highest reward of treat- 
ment, and the hope is, always, that it may be permanent. Lasting 
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arrest for the majority is the result of the patient’s understanding that 
treatment does not cure but teaches only the method of holding the 
disease in check, as well as preventing its spread to others; to know this 
is the beginning of wisdom. 

Most sanatoria report the number of patients whose disease has become 
arrested during the year. Interesting and necessary as these reports 
are, it is well to remember that they do not and cannot convey a definite 
idea of the lasting worth of the treatment; they may be hopeful or other- 
wise, but they are not conclusive; and not until reports of the after- 
history of these cases have been made can the value of the treatment be 
estimated. In other words, patients undergoing treatment are but 
pupils who are being taught lessons of healthful living and, whether ornot 
the disease comes to a halt while they are in training, their future well- 
being depends upon the faithful, wise and never-ending practice of these 
lessons until they shall have become fixed habits. Ideally, when patients 
are discharged from treatment it should be an assurance that they have 
completed a prescribed course and are competent to care for themselves, 
under ordinary circumstances, for the remainder of their lives. Obviously, 
complications may arise which no amount of training would prevent, 
but for the greater number after-histories demonstrate the difference 
between thorough and incomplete training. 

Our obligations to patients do not always end with their discharge 
from treatment. They have been taught only that which should be 
common knowledge, but in the course of time complications may arise 
which make it desirable for some of them to seek further advice or, 
perhaps, resume systematic treatment for a time. To complete the 
plan for the care of laboring people means should be provided for the 
continued supervision of discharged patients. 


REPORT OF DISCHARGED ARRESTED CASES 


Opened in March, 1898, the dispensary was closed in March, 1925, 
and during this period the disease became arrested in 130 patients. 
Three of these, or 2.3 per cent, could not be located, 4 had not completed 
treatment when the dispensary was closed and 2 were too young to work, 
leaving 121 cases to be studied. The suptum of every patient was 
positive at the beginning of treatment. . 

The average length of time since arrest was 16.2 years, the greatest 
26.7 years, and the shortest 21 months. There were 77 males and 44 


148 JOHN F. RUSSELL 


females. The average age of the males was 30.8 years, the youngest 17 
years, and the oldest 52 years. The average age of the females was 28.6 
years, the youngest 16 years, and the oldest 45 years. Other data were: 
single 59, married 60, and widowed 2; first stage 11, or 9 per cent; second 
stage 97, or 80.1 per cent; and third stage 13, or 10.7 per cent. Of these 
patients, 68, or 56.1 per cent, are living and with but one exception able 
to work, while 53, or 43.8 per cent, are dead. 

The results in all the cases are summarized in table 1. The great 
difference in length of treatment between the living and the dead, in all 
stages of the disease, is shown here. Further study revealed that in 
some of the cases the length of treatment was less, and in others more, 
than 12 months. Dividing the whole into these two groups (tables 2 
and 3) furnishes the opportunity to make a still more convincing com- 


TABLE 1 
Comparison in length of treatment between the living and dead of all arrested cases 


FIRST STAGE SECOND STAGE THIRD STAGE ALL STAGES 


since arrest 
Average length 
of treatment 
Average time 
since arrest 
of treatment 
Average time 
since arrest 
Average length 
of treatment 
Average time 
since arrest 
Average length 
of treatment 
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parison. With three exceptions the patients whose treatment lasted 
less than 12 months were treated during the first years of the dispensary. 
T had not at that time awakened to the importance of prolonged training 
but, on the contrary, regarded a short period of treatment as desirable 
and creditable. I did not comprehend the true meaning of arrest 
(A pparent Cure it was then called), and possibly others were misled in 
the same way because the term Cured was then employed in classifying 
results. The sad results of this experience are shown in table 2. As I 
gained in experience I came to realize more and more the necessity of 
prolonged treatment, and finally brought to bear what influence I might 
in persuading patients to continue treatment far beyond the length of 
time generally regarded as Sufficient. This explanation will account for 
what must appear to many as astonishingly long periods of treatment 
recorded in table 3. 
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The tables demonstrate the influence of length of treatment on mor- 
tality. It will be observed that the percentage of living and dead 
patients in table 2 are almost reversed in table 3. The number of living 
patients in table 2 is small; but the wonder is that, with an average 
treatment of but 5.9 months, there are any survivors. To account for 
the good fortune of these patients, it must be assumed that they were not 
average patients, and that their aptitude for learning was greater than 


TABLE 2 


Comparison in length of treatment between living and dead, arrested cases, the treatment of which 
lasted less than 12 months 


FIRST STAGE SECOND STAGE THIRD STAGE ALL STAGES 
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TABLE 3 


Comparison in length of treatment between living and dead, arrested cases, the treatment of which 
lasted more than 12 months 


FIRST STAGE SECOND STAGE THIRD STAGE ALL STAGES 


Average time 
since arrest 
of treatment 

Average time 
since arrest 

Average length 
of treatment 

Average time 
since arrest 

Average length 
of treatment 

Average time 
since arrest 

Average length 
of treatment 


| Per cent 
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those who died and who represent average patients. Every physician of 
experience meets these exceptional patients. It is noteworthy that the 
first patient whose disease became arrested in 1898 was a woman in the 
second stage of disease, thirty-eight years of age, with four children and 
a drunken husband. After her disease became arrested she remained 
under treatment a number of years, and is now living and able to work. 
The last patient was a man in the first stage of disease, thirty-eight years 
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of age, married and with one child. He refused to stay a day after his 
disease became arrested in 1923, and died within a year. 

Incidentally, the tables also show the disappointing results of the diet 
which I have advocated. Helpful as this diet has been in improving 
nutrition, it has failed specifically to affect the course of the disease. 

At first sight the total number of cases (121) appears small from which 
to draw conclusions. But when the tables are studied in detail and it is 
observed how great is the difference in length of treatment between living 
and dead patients and how much greater the percentage of living is among 
those who received prolonged training, the doubt that a larger number 
would disclose a material difference dwindles. The success of life-insur- 
ance companies in rating arrested cases of pulmonary tuberculosis as in- 
surable risks confirms the conclusion that thorough training prolongs 
life. In these cases the problem of life-insurance companies is whether 
or not the bacilli will break through the barriers erected by nutrition and 
the case again become active, because there is no known method of 
physical examination by which, alone, this question can be answered. 

Physical examination must, therefore, be supplemented. When the 
applicant is an arrested case of pulmonary tuberculosis the risk is deter- 
mined by a consideration of (1) present condition of lungs, (2) history 
since arrest, (3) number of years since arrest, and (4) present weight as 
compared with normal. Assuming the first two to be favorable, the 
premium is based upon the last two and the most important of these is 
weight. Unless two years have elapsed since arrest applicants are not 
eligible for insurance, because lack of proper training shows quickly 
after terminating treatment and the first two years have been found the 
most critical. If from two to nine years have passed and all four consid- 
erations are favorable, applicants are given a policy, but always as 
substandard risks. From ten years onward, the first three considerations 
being favorable, a standard policy is issued, provided the applicant’s 
weight is 20 per cent above normal. But no matter how many years 
have elapsed since arrest, even though the first three considerations are 
favorable, if the weight is 20 per cent below normal either a policy is 
refused or the premium is placed at so high a rate as to be equivalent to 
a refusal. All of which may be abridged as follows: In order to secure a 
standard life-insurance policy persons who have pulmonary tubercu- 
losis, and whose disease has come to a halt, must submit convincing 
evidence of their ability to maintian nutrition and control the disease 
over a period of not less than ten years. It seems superfluous to add 
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that this ability is acquired only by thorough training. I am told that 
the figures employed by insurance companies in rating these applicants 
are the result of the study of thousands of cases. 

If this conclusion concerning length of treatment is correct it is evident 
that laboring people cannot, as a class, be treated successfully at sana- 
toria. They cannot afford to give up work and the support of dependents 
for the necessary length of time, even if the sanatorium could afford the 
expense, provide accomodations for so long a stay, and at the same time 
care for the great numbers requiring treatment. For both patients and 
institutions the necessary length of treatment at sanatoria is an economic 
impossibility. Evidently, some other means will have to be provided 
for the treatment of these people, and I am once more advocating munici- 
pal dispensaries for this purpose. Dispensary treatment enables the 
patient to live at home, carry on his regular full-time work, support his 
family, educate his children and, because the cost to the community is 
small, continue treatment indefinitely. Assuming the yearly cost to be 
about $200. per patient, it would be an economy for a community to 
treat patients for a great many years, because while undergoing treatment 
these patients are producing something of value, and are self-supporting 
and pay taxes, either directly or indirectly. Dispensary treatment 
affords many palpable advantages over sanatorium treatment, but there 
are several which I wish to mention in particular. 

There are large numbers of patients supported at public expense in 
hospitals, alms-houses, and other similar institutions with, perhaps, 
more inviting names, the extent of whose disease made them unsuitable 
cases for sanatorium treatment long before they ceased work. Unless 
they become objects of charity, and resign all hope of escaping penury, 
there are no places provided for these patients, and, in consequence, they 
are now abandoned in so far as any effort is made to restore their useful- 
ness. Many of them could have been treated at dispensaries, and have 
continued their occupation, earned their living and supported their 
families for years. In a recent paper I reported 23 such patients, whose 
average of usefulness and independence, after beginning treatment, was 
extended ten years when the paper was published; some of these are still 
living and working. Another great advantage of dispensaries for treat- 
ment is the ease and promptness with which discharged patients may 
reach the dispensary for consultation. Such complete supervision is 
impossible for sanatoria remote from the patients’ residences and 
activities. 
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The objection to this plan, I presume, will be that patients with an 
evening temperature above 98.6° require rest treatment and should not, 
therefore, be allowed to work. 

While it may be true that rest treatment is the simplest method of 
abating symptoms, it is a form of luxury which neither laboring people 
nor the community can afford. A laboring man who attempts rest treat- 
ment often resigns, of necessity, responsibility for the care of his family 
while he is absent, and leaves their welfare largely to chance. This is 
morally bad for the man, and frequently leads to indolence. If he be one 
of those who becomes troubled about the welfare of his family, he is apt 
to cut short the period of treatment and thus miss its possible benefits. 
If, for any reason, he is insufficiently trained when he returns to his 
original surroundings, he faces precisely the same situation which he 
left, with the additional burden of having lost his job, wasted his time 
and become an accepted invalid. While he is away, the family may 
suffer from lack of money, and the community not only supplies him 
treatment but supports him as well, and, in addition, may be called upon 
to support his family. This situation is bad for the patient, the family 
and the community. On the other hand, a patient with an evening tem- 
perature not exceeding 100°, who is treated with special attention to diet 
and those things which promote digestion and assimilation, plus the 
usual routine, may continue an accustomed occupation and in the end 
gain all the benefits which would have followed rest treatment. The 
mental and physical strain is much greater in working at a new and un- 
familiar occupation than it is in continuing a usual one; in the latter case 
the exercise necessary to continue work is habitual and the body has ac- 
quired tolerance. As nutrition improves strength increases and symp- 
toms grow less, and, if there occur elevations of temperature, the latter 
gradually falls to normal. The patient’s cordial codperation, peace of 
mind and preserved self-respect are beneficial. Patients with a contin- 
uous evening temperature of 100.5° are not fit cases for treatment by 
this plan. Whether this method is best for all classes of people with 
pulmonary tuberculosis may be questionable, but I am certain from a 
long experience that it produces good results in laboring people who have 
pulmonary tuberculosis and, it seems to me, is the only method at present 
available for their proper care. 

A very important question remains to be answered: Would the results 
in municipal dispensaries compare favorably with results obtained in 
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municipal sanatoria? A comparison of my dispensary with the New 
York City Municipal Sanatorium at Otisville follows. 

The New York City Municipal Sanatorium was opened July, 1906. 
But one annual report has been published (1913) and, so far as I can 
learn, no report of the after-history of arrested cases has ever been pub- 
lished. Statistics furnished by the Medical Superintendent show that 
from 1914 to 1924, eleven years, 9,540 patients were discharged from 
this institution, of whom 1,118 were arrested cases. It is unfortunate 
that I am not able to discover how these patients were classified as to 
extent of disease, in how many the sputum was positive at the beginning 
of treatment, and how many remained in the institution less than one 
month. The latter, of course, should be deducted in estimating the 
percentage of arrested cases; but, the number being unknown, I am 
obliged to assume that there would probably be no great variation in 
this number from year to year, and that the number in any one year 
would be a fair representation of each of the eleven. In 1913, 8.3 per 
cent of the discharged patients remained in the institution less than one 
month and, assuming this to represent the average yearly number, the 
percentage of arrested cases for the eleven years is 12.7 per cent. 

From January, 1906, to May, 1921, over fifteen years, there were 314 


patients discharged from my dispensary, 69 of whom were arrested cases. 
Deducting 39 patients who remained less than one month, the percentage 
of arrested cases for the fifteen years is 25 per cent. 

The 1913 Otisville report furnishes a more complete comparison: 


NUMBER OF 
PATIENTS WHO 
REMAINED ARRESTED CASES 
LESS THAN ONE 
MONTH 


percent 


Otisville Sanatorium 927 77 13 
Dispensary 314 39 25 


Condition of patients on admission 


FIRST STAGE SECOND STAGE THIRD STAGE 


per cent per cent per cent 


Otisville Sanatorium 53.6 11.6 
Dispensary 74.1 19.6 
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Percentage of patients in each stage whose disease became arrested 


FIRST STAGE SECOND STAGE THIRD STAGE 


percent per cent Der cent 


Otisville Sanatorium 5.9 1.0 
Dispensary : 26.6 14.5 


Otisville Sanatorium 
Dispensary 


Record of weights 


OTISVILLE SANATORIUM 
(ADULTS) DISPENSARY 


Average increase of those gaining 11.24 pounds 15.7 pounds 
Average loss of those losing 5.5 pounds 3.5 pounds 
Number of patients who gained...........| 585 = 84 per cent 254 = 92.3 percent 
Number of patients who lost 106 = 15 per cent 18 = 6.5 percent 
Greatest gain 53.25 pounds 60.5 pounds 
Greatest loss 22.5 pounds 14 pounds 


Sputum 
Otisville Sanatorium 
The sputum was negative, at the beginning of treatment, in 85 per 
cent of the incipient, in 51 per cent of the moderately advanced, and in 
21 per cent of the far-advanced cases. 
Dispensary 
The sputum of all patients was positive at the beginning of treatment. 


NUMBER OF MALE AND 
FEMALE PATIENTS 


Male Female Single Married | Widowed 


Otisville Sanatorium 479 371 576 341 33 
Dispensary 148 127 139 130 6 


The occupations of the patients of both institutions were about the 


same. 
The number of children in the families of the dispensary patients was 


193. 
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SUMMARY 


1. There is no known specific remedy for the cure of plumonary tuber- 
culosis and there are no known tests by which it may be said, with 
certainty, that the disease is cured. 

2. It has been learned that, as the result of improved nutrition, all 
symptoms and signs of disease may disappear though tubercle bacilli are 
still present in the body. 

3. The patient’s only protection against relapse is an intelligent under- 
standing and thorough training in the practice of the details of treatment. 

4, Treatment consists in teaching habits of living which increase 
strength and resistance, with the indispensable provision, for the class 
of patients considered in this paper, that it shall not interfere with the 
patient’s occupation. 

5. Statistics show that the mortality among average patients whose 
disease has become arrested is greatly increased when the training has 
been incomplete, and, conversely, mortality is greatly diminished when 
training has been protracted. 

6. The average patient requires years of immediate supervision before 
training is complete. 

7. The cost of prolonged training in sanatoria is prohibitive for both 
the patient and the institution. 

8. Average patients with an evening temperature of 100° may continue 
their customary occupation without harm while being treated. 

9. Dispensary treatment is as successful as sanatorium treatment in 
bringing about arrest of disease and, in addition, combines many advan- 
tages both for the patient and the community: the length of treatment 
is unlimited, the patient’s self respect, independence and place in the 
community and society are preserved, the family is held together, the 
children are educated and pauperism is prevented, all with the patient’s 
hearty codperation; instead of a liability the patient becomes an asset to 
the community; a much larger number of advanced cases are brought 
under control and, in consequence, many so called incurable cases become 
proper subjects for treatment and are maintained self-supporting for 
years; discharged cases are within reach of supervision; and there is 
greater economy. 


In conclusion, in order to emphasize the importance of this subject, I 
have made the following estimate of the probable number of deaths 
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among the arrested cases discharged from the Otisville Sanatorium, which 
might have been prevented had these patients received more prolonged 
treatment: The average length of treatment of discharged patients, who 
remained at the Municipal Sanatorium more than 30 days in 1913, was 
7.04 months. I assume that it was about the same in succeeding years, 
but even if it were different it is not likely that the average duration was 
12 months. It will be recalled that 32.4 per cent of the dispensary 
arrested cases (all stages), the treatment of which lasted less than 12 
months, are now living (table 2), and that 66.6 per cent of those whose 
average length of treatment was 46.8 months are now living (table 3). 
Using these figures, it would appear that, of the 1,229 arrested cases 
(including the year 1913) discharged from the Municipal Sanatorium 
during twelve years, but 398 are now living, whereas if the average treat- 
ment had been sufficiently prolonged the number now living would be 
818. Itis true that the average length of dispensary treatment (in these 
cases) was but 5.9 months while that of the sanatorium was 7.04 months, 
and it may be that this difference in favor of the sanatorium would re- 
duce the mortality. While I do not think the difference sufficiently great 
to change the estimates much, if any, it would be most helpful and in- 
structive to learn the exact number of the discharged Municipal-Sana- 
torium cases now living. 
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SANATORIUM PROVISION IN THE UNITED STATES FOR 
THE PREGNANT TUBERCULOUS WOMAN! 


ALICE M. HILL 


The effect of pregnancy upon the course of tuberculous disease is a 
question which has been given much consideration. Thus far the 
answers to it have been at such variance that none has been generally 
accepted by the medical profession. In an attempt to help clarify the 
situation the National Tuberculosis Association embarked, some time 
ago, upon a study of pregnancy in its relation to tuberculosis.. As a part 
of this study it was deemed essential to know what provision, if any, for 
the pregnant tuberculous woman was being made by the different sana- 
toria of the country and hospitals with beds for tuberculosis patients. 
In order to obtain this information, letters of inquiry were sent to all the 
sanatoria and hospitals in the United States, Hawaii, Porto Rico, and 
the Philippine Islands, accepting tuberculous women, or 471 institutions 
in all. Responses were received for 413, or 89.2 per cent, of the 463 
sanatoria in the United States exclusive of the insular possessions, and 
for 5 of the 8 in the latter. These 413 sanatoria contain 41,857, or 95.2 
per cent, of the 43,987 beds available for tuberculous women in the 
United States.? 

Much stress has been placed upon the necessity of sanatorium care 
for tuberculosis patients. Yet the answers to our inquiry reveal that 
the tuberculous woman who becomes pregnant, and who might with rea- 
son be held to be in need of such care as would ordinarily accrue to.a 
tuberculous patient plus such care as would ordinarily accure to a preg- 
nant woman, is, as a rule, permitted considerably less sanatorium care 
than are other tuberculous individuals. As long as the care accorded a 
gravid tuberculous woman is not comparable, except in certain instances, 
with that accorded the nongravid tuberculous woman, the question can- 


1 From the Statistical Service of the National Tuberculosis Association. 

2 In arriving at this figure the beds in these same institutions, which have been definitely 
reported as for children, have been eliminated. The number of beds here given includes 
those for males and females and for children where the number for the latter have not been 
specifically noted. 
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not be avoided as to what extent statements relative to the deleterious 
effect of pregnancy on tuberculosis need discounting. 

It does seem to be generally accepted as a fact that parturition itself 
and the puerperium are those periods most fraught with danger to the 
tuberculous mother. But only 87, or 21 per cent, of the sanatoria re- 
porting, containing 11,414, or 27 per cent, of the beds, admitted tuber- 
culous women and kept them through delivery. Of these institutions 
43 were general hospitals. Pregnant women were admitted, but were 
transferred to a general hospital or to their homes for delivery by 247, or 
60 per cent, of the sanatoria, containing 23,404, or 56 per cent, of the 
beds, for which reports were received. Seventy-three sanatoria, with 
6,663 beds, stated that they did not accept pregnant women and 6, with 
376 beds, wrote that no cases had been admitted, without any further 
statement as to whether the failure to admit was due to the policy of the 
sanatorium or lack of any request for admission. (See table 1.) 

When the provision made for the pregnant tuberculous in the different 
States is studied, it is found that two States, Nevada and Utah, and the 
District of Columbia failed to respond to the request for information; 
two States, Idaho and Wyoming, have no beds for any tuberculous 
women; three, Florida, Montana, and North Dakota, have no provision 
for pregnant, tuberculous women, and in 13 other States a pregnant 
tuberculosis patient has no place to go for sanatorium care extending 
through delivery. In other words, in only 28 States, so far as known, is 
there any institution which cares for a tuberculous woman through de- 
livery. And in three of these States the sanatoria giving such care 
contain four, seven and twelve beds, respectively. 

When the type of sanatorium is considered, it is found that among 
those answering the query the city institutions provide more beds for 
care extending through delivery than do the others. This might be 
expected because of the number of general hospitals among them. 
Thirty-five per cent of the city sanatoria, 56 per cent of the beds in city 
sanatoria, are open to the tuberculous gravida for care until after par- 
turition, or as long as she may need. Twenty-four per cent of the 
private sanatoria do not admit pregnant women at all, and only 17 per 
cent of them keep the patient through delivery. Of the State sanatoria 
10 per cent only keep their patients through delivery, while 71 per cent 
admit them, but transfer them before time for the event. Of the county 

' sanatoria 22 per cent keep them through delivery, and 65 per cent trans- 
fer their patients. The “per cent’ distribution of the State and private 
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TABLE 2 
All sanatoria in the United States (exclusive of insular possessions) admitting tuberculous women, 
with specified provision for pregnant tuberculous women, and beds available 
in the sanatoria, by size of sanatorium 


PROVISION REPORTED FOR PREGNANT WOMEN 


Kept Transferred No 
None through f instances 
delivery i recorded 


TORIA ADMITTING WOMEN 
NOT ANSWERING 


WOMEN 
INQUIRY 


BEDS AVAILABLE IN SANA- 
TORIA 


BEDS AVAILABLE IN SANA- 
SANATORIA NOT ANSWERING 


SANATORIA ADMITTING 


| Sanatoria 
Sanatoria 
| Sanatoria 
Sanatoria 


43,987 11,414|247 


Under 25 beds 1,032} 9 | 147 147 
25- 49 beds 4,031/20 | 668 621 
50- 99 beds.......... 9,755|20 |1,306 1,534 

100-199 beds 10,745}15 |1,794 2,220 

200-299 beds 7,295, 4 | 956 2,390 

300-399 beds 4,882) 2 | 722 1,380 

400-499 beds 1,850} 1 | 495 480 

500 beds and over 4,397} 1 | 575 2,642 


* Orthopedic hospital, country branch, did not specify number of beds for tuberculosis. 


TABLE 3 ; 
All sanatoria in the United States (exclusive of insular possessions) admitting tuberculous women 
with specified provision for pregnant tuberculous women, and beds available 
in the sanatoria, by type of sanatorium 


PROVISION REPORTED FOR PREGNANT WOMEN 


Kept Transferred | | No 
None through instances 
TYPE OF delivery i recorded 


SANATORIUM 


TORIA ADMITTING WOMEN 
TORIA NOT ANSWERING 


INQUIRY 


SANATORIA NOT ANSWERING 
INQUIRY 


BEDS AVAILABLE IN SANA- 
BEDS AVAILABLE IN SANA- 


SANATORIA ADMITTING 


Sanatoria 
Sanatoria 
Sanatoria 


wr | Sanatoria 


SIZE 
: 
= — 23,404] 6 |376| 50 | 2,130 
440/11] 4| 18 294 
58] 2,118] 2 | 60| 16 564 
90| 5,899] 2 |152| 13 864 
47| 6,163| 1 |160| 3 408 
| 16| 3,949 
8| 2,780 
2| 875 
2| 1,180 
Zz 
Total.........| 463 43,987] 73 | 6,663] 87 |11,414|247 | 50 | 2,130 
State.........| 52 |10,430} 9 | 1,405} 5 | 1,312] 37 | 7,643 70 
County.......| 175 [13,825] 21 | 1,586] 35 | 4,064/102 | 7,533 17 642 
City..........| 63 | 8,247} 8] 20 | 4,370] 28 | 2,599 39] 5 372 
Private.......| 167 |11,321} 34 | 2,785] 24 | 1,574] 80 | 5,629/MMM|267 | 26 | 1,066 
Indian.......! | 1644 20] 3 94 | 2 50 
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sanatoria approximates with more or less closeness the “per cent”’ distri- 
bution of the beds in the sanatoria, so far as the care given is concerned; 
but the 35 per cent of the city sanatoria keeping their patients through 
delivery contain 56 per cent of the beds, and the 48 per cent transferring 
contain 33 per cent of the beds; and the 22 per cent of the county sana- 
toria keeping their patients through delivery have 31 per cent of the beds, 
and the 65 per cent transferring them contain 57 per cent of the beds. 
Replies were received from only four United States Indian Service 
sanatoria, of which three kept their patients through delivery and one, 
of only 20 beds, refused to admit a pregnant woman for any period. 
(See tables 2 and 3.) 

Apparently the size of the sanatorium, considering all sanatoria as a 
group, makes very little difference in the extent of its provision for 
pregnant women. Except in the one group of 7 sanatoria, containing 
500 beds or over, the “per cent” distribution of those sanatoria not 
accepting women, keeping them through delivery, and transferring them, 
is astonishingly similar in each size-group. As might be expected, the 
most common size for county, city and private sanatoria is that of 50 to 
99 beds; for the State sanatoria it is from 100 to 199 beds. All of the 6 
Indian Service sanatoria are of less than 50 beds, two being of under 
25 beds. 

In the insular possessions Hawaii has 4 sanatoria with a total of 629 
beds, the Philippine Islands 3, with a total of 295 beds, and Porto Rico 
one, with 200 beds. No reply to the inquiry was received from Porto 
Rico. One sanatorium of 200 beds in the Philippines wrote that it 
admitted pregnant women but transferred them for delivery. Of the 4 
sanatoria in Hawaii, 2, with 226 beds, reported that their patients were 
kept through delivery, and 2, with 403 beds, that their patients were 
sent elsewhere. 

A considerable number of the sanatoria replying to the letters of inquiry 
amplified their answers. These dealt with a variety of aspects of the 
subject, and some of them appeared of sufficient interest and importance 
to merit presentation along with a discussion of the more formal and 
tabulatable answers. 

The question of allowing the pregnancy of a tuberculous woman to go 
to full term was one regarding which several sanatoria outlined their 
policy. The most extreme view expressed was that of a large county 
sanatorium, which does not accept pregnant women but instead sends 
them to a general hospital “for sterilization” or else home. The Medical 
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Director of a private sanatorium wrote that with him, in most cases of 
active tuberculosis, interruption of pregnancy is advised; however, in 
personal conversation subsequent to the receipt of his letter, he stated 
that he knew patients whose tuberculous condition was improved after 
pregnancy, and that pregnant women were at times induced to take 
better care of themselves during pregnancy than before, with resulting 
benefit. 

Some expressions on this subject by sanatoria which admit pregnant 
women but transfer them to a general hospital or to their homes for 
delivery, were as follows: 


I advise all tuberculous patients who are not over four months to have 
pregnancy terminated at once. 


Pregnant women prior to the third month of gestation always represent 
individual problems requiring close analysis. We have no definite policy in a 
matter of abortion, but in most of our cases of pregnant tuberculous women 
we recommend abortion, if gestation has not exceeded three months. 


When a tuberculous woman is in need of therapeutic abortion, she is not 
admitted for that purpose. She is advised to have such an abortion in a general 
hospital, and after that is completed she is admitted if in need of sanatorium 
care. We have not decided upon a definite policy as to whether pregnant 
women shall be delivered in the sanatorium, as we have not yet been con- 
fronted with such cases. Would probably prefer to transfer. 


When they have active lesions we advise against allowing them to go to 
term. 


We have no facilities for delivery of women in the sanatorium. If we have 
a case of active pulmonary tuberculosis who has not been pregnant over four 
and one-half months, we advise interruption of the pregnancy immediately, 
after which we accept the patient for treatment. If the pregnancy is over four 
and one-half months’ duration we put them in the infirmary until about the 
seventh month when we advise them to enter a general hospital where they are 
kept until delivery, after which time we will accept them as patients. 


We endeavor to build them up during pregnancy so they can go through 
labor without a breakdown. 


We try to build them up so they can withstand the confinement dangers. 
If they do well after confinement for three months we take them back. 


Many of them do well. Have two cures. 
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We have had about twenty pregnant women in our nine years of operation. 
Of these two had miscarriages while here and were taken to general hospitals 
and then returned. The others went to ‘full-term’ and were O.K. We gave 
them general instructions and turned them over to their M.D.” (This sana- 
torium, which admits only ambulatory cases at present, discharges its patients 
about a month prior to confinement date. The physician arranges for the 
delivery. The patients do not return to the sanatorium. The superintendent 
wrote that with the new “infirmary opening in July, 1926, we will be prepared 
to handle confinements.’’) 


Among the sanatoria that keep their patients through delivery two 
opposing views presented themselves in the comments sent. One phy- 
sician in charge of a private sanatorium wrote that they ‘‘rather en- 
courage a curettage if seen at three months or before. Postpartum 
condition is so uncertain.” On the other hand, the Superintendent and 
Medical Director of one of our largest sanatoria wrote: 


We are advising all of our women, with a very few exceptions, to carry the 
baby to term and be delivered in a sanatorium, and so far our results have 
been uniformly good with the exception of afew cases not received at the Sana- 
torium until late in the pregnancy. But where we have been able to care for 
the woman during practically all of the pregnancy the disease has not been 
accelerated and we have not lost a mother or a child in nearly three years. 


It would mean a long step forward in the solution of this moot question 
of the effect of pregnancy upon the course of tuberculous disease if all 
those institutions, which carry their cases through pregnancy and give 
them care comparable with that given the nonpregnant tuberculous 
woman, would collaborate with the National Tuberculosis Association 
in the collection of standardized data bearing on the subject. 

Several reasons were stated for refusal to admit pregnant women to 
sanatoria, or for failure to keep them through delivery. Five of the 
institutions not admitting gravidae reported that they had no provision 
in the way of housing or were not otherwise equipped to handle such 
cases. One added, ‘‘However, the Commissioner has promised to double 
the capacity of this institution as well as build an obstetrical ward in 
the near future.” Another wrote, ‘‘We have no special rooms for them 
and in our present situation the handling of these cases is a more or less 
serious emergency. With future building developments here, however, 
we presume that we can set aside suitable quarters for necessary privacy 
as we realize that the Sanatorium is perhaps the best place for their 
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treatment.” One sanatorium in this group is really a summer camp 
only; another is for far-advanced cases only. One made the enigmatic 
statement, ‘‘Being a private institution we do not have these problems 
to deal with.” 

While comparatively few of the sanatoria which transfer their patients 
for delivery actually wrote an explanation of why they do so, it is prob- 
able that a number would agree with such statements as ‘‘the privacy 
such patients desire cannot be met here;” they are ‘‘transferred when 
they become large enough to be embarrassing;” “we have never had 
patients during later pregnancy, and while we would not refuse anyone 
who was in need of care and wished to come, it would be difficult and no 
doubt embarrassing to be in a house full of young people and children of 
both sexes. Our capacity is 40 and that means a small family, and 
family life, and while the women have a floor to themselves it would 
still be unpleasant.” One institution which does not accept pregnant 
women within three months of term offers a reason for transferring its 
patients with which probably everyone is in thorough sympathy: ‘‘A 
few years ago we decided that no more babies would be born in the 
‘County Home’ and that includes the Sanatorium although it... . 
is a modern building a mile distant from the Almshouse. The —— 
Hospital kindly agreed to accept all our maternity cases.” 

While 247, or 60 per cent, of the sanatoria reporting their policy 
stated that they admitted pregnant women and subsequently transferred 
them to their homes or a general hospital for delivery, the period of care 
in these sanatoria does not always extend to the approximate date of 
expected delivery. One institution reported that it keeps a patient only 
until the fifth or sixth month of pregnancy. Others discharge their 
patients during the sixth, seventh, or eighth month as well as just before 
time for the birth. Several stated that they accept women only in the 
early stages of pregnancy, although at least one of these cares for the 
patient until signs of labor manifest themselves. Although they have 
been classified with this group, those sanatoria also cannot be said to be 
giving wholehearted care that write that they admit pregnant women 
‘‘occasionally,” ‘‘rarely,” ‘‘exceptionally only,” ‘‘as an emergency,” or 
the like, or would prefer not to admit them. Eleven sanatoria, classed in 
this group, have never had pregnant women apply for admission but 
would accept them if they did. Two sanatoria under the same manage- 
ment report that they admit pregnant women only if they cannot be 
cared for at home. 
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The policies of two sanatoria among those transferring their patients, 
outlined in some detail as follows, are deserving of consideration by those 
who possess a real interest in the gravid tuberculous woman, and who 
are unable to deliver the patients in their own institutions: 


This institution receives pregnant women, urging them to come to the in- 
stitution as early in pregnancy as possible, and to remain after delivery until 
quiescence of the tuberculous process is established. At the present time we 
have not satisfactory facilities for actual obstetrical work and consequently 
remove our patients to a local hospital for delivery. While in the hospital the 
patient remains under the supervision of a member of our staff. On the com- 
pletion of our institutional plant there will be a small, well-equipped depart- 
ment for obstetrical cases and later a nursery for the infants of tuberculous 
women. 


They are kept in the sanatorium cottages until time for the advent of labor. 
Either shortly before labor or as soon as labor has begun they are transferred 
to a general hospital for delivery, where they are kept for a few weeks and until 
provision can be made for the careofthe baby. ‘The mother is returned to the 
sanatorium as a bed patient for an indefinite period, without reference to the 
general regime before labor. After labor, even exercise patients are for a 
period returned to bed. 


Probably much the same procedure as that outlined immediately above 
is followed by the sanatorium which sends its patients to a general 
hospital adjoining the sanatorium for delivery, they being returned 
afterwards; by that one which stated that it keeps its patients through 
delivery, that they are transferred to the county hospital and then re- 
turned to the sanatorium; and by the one which wrote, “We recommend 
the very best possible care in a sanatorium up to the time of delivery, 
then to be transferred to a hospital for delivery and return to sanatorium 
for continuation of intensive study and strictest care.” 

One institution advised, “In our next development we expect to have 
a maternity ward and delivery room and keep them through full term;” 
another, that it thinks it should keep patients through delivery even 
though it does not, but takes them back a few weeks afterward. 

For the woman who may not remain in a sanatorium it is not always 
easy to obtain adequate medical care elsewhere for her confinement. 
‘Sometimes these patients are transferred to a general hospital,”’ stated 
one physician, “and sometimes to their own homes, depending on 
home conditions and the accessibility of the patient to a general hospital. 


Bese 
4 
3 
tee 3 
Hit 
| 
i 
4 
4 
Wed 
j 
q 
; 
: 
3 
i 
Hy 
j 
4 
q 
th 
H 
i 
| 
ip i 


167 


PROVISION FOR PREGNANT TUBERCULOUS WOMEN 


This State has a large rural population and it is not always convenient 
or practical for the patient to go to a general hospital, although I invari- 
ably insist upon it in most cases.”” The most serious situation in this 
respect is that outlined by one sanatorium, which wrote that four 
institutions refused to accept one moribund woman as an obstetrical 
patient when they learned that she was tuberculous. It was finally 
possible to get her into a general hospital in a city in which she did 
not belong, from which, after delivery, she was returned to the sanato- 
rium. 

The woman refused admission to a sanatorium because of her preg- 
nancy, or given care for a period not including delivery, is obviously not 
receiving adequate treatment. This inadequate treatment is apt to be 
accompanied by a loss of opportunity for her supervision or the possibil- 
ity of it. One private sanatorium which discharges a patient found to be 
pregnant gives no consideration, it says, as to where the patient goes 
subsequently. And anumber of sanatoria, which admit such women but 
transfer them later, have advised that the patients have not returned 
after delivery; that only a small percentage return within one year; that 
‘‘sometimes they are returned;” that the patients do not usually return; 
that occasionally a patient returns; or, as one correspondent put it, ‘“‘I 
cannot remember that any have come back.”’ 

Eighty-seven sanatoria, or 21 per cent of those sending information, 
have been classed as keeping their patients through delivery. In this 
group have been included four sanatoria that stated this to be their 
policy, but that no pregnant woman had applied for admission; five that 
very seldom keep women for delivery or do not like to do so; and a few 
that keep women through confinement under certain circumstances even 
though preferring to transfer them. Also included are one sanatorium 
and hospital combined which has a special isolated maternity wing to 
take care of 14 cases. Another sanatorium wrote that it had a special 
obstetrical ward. One city hospital not only keeps its own patients 
through delivery but occasionally takes cases from the county sanatorium, 
returning them to the sanatorium later. The rule in general hospitals 
seems to be for the patient to be transferred to the obstetrical division, 
but one county hospital writes that a few cases have been delivered in 
the tuberculosis division and that no patients are sent home for this 
service. 

The policy of Herman Kiefer Hospital, Detroit, is of interest in that 
here pregnant women are given the preference in admissions: 
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All pregnant women suffering from all forms of tuberculosis are urged to enter 
our sanatorium as soon as possible in order to give them the advantage of sana- 
torium treatment during theperiod of pregnancy. Atthe termination of preg- 
nancy or some time close to that period they are transferred directly from our 
sanatorium to our maternity ward which isunderthesamesupervision. About 
ten days after delivery the patient is returned to the sanatorium from the 
maternity ward. The infant is taken over by some one, such as relatives or 
other interested persons. Whenever a patient is unwilling to remain in the 
sanatorium for delivery she returns home for this purpose and is returned to 
the sanatorium as soon as possible. 


There follow some expressions of policy on the part of a few other in- 
stitutions which keep their patients through parturition: 


Pregnant women with tuberculosis are placed in the regular tuberculosis 
wards until time of delivery. They are delivered in the regular delivery room 
and are then sent to the obstetric ward or to the tuberculosis ward depending 
upon the patient’s condition. If the patient has a positive sputum and can- 
not be isolated in a single room in the maternity section, she is at once sent to 
the tuberculosis wards. 


It would depend upon circumstances whether we would keep them in confine- 
ment or send them out and in several instances the family physicians have 
asked that they be permitted to take them to a general hospital, which we have 
done. We are equipped, however, to handle cases in the institution. I think 
it would be rather difficult to set an absolute fixed policy and I believe an in- 
stitution should be capable of caring for them or sending them out as the case 
demands. 


We have kept some of these women through their confinement at the institu- 
tion, especially those cases carrying Artificial Pneumothorax. Other cases 
have been transferred to the City Hospital for delivery and then returned to 
the institution. Our new building will permit us to have a delivery room and 
to take care of such cases as wish to be delivered in the institution. 


There is no special provision for pregnant women at —— Sanatorium. How- 
ever, in cases of emergency, especially where they are refused admission to 
maternity hospitals, we admit them up to the time of and including delivery. 
Provision is made for the immediate transference of the infant to the Infant 
Department of —— Hospital, one of the —— University ‘“Hospital Group” of 
which —— is an integral part. The services of the obstetrical and gynecologi- 
cal department of the University, as well as all other departments, are extended 
to —— when necessary. 
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Our policy is when we have a pregnant tuberculous patient, when she is about 
to deliver, to transfer her to the maternity ward in the General Hospital, and 
fifteen days after delivery to return both mother and child to the Tuberculosis 
Division where they are cared for until ready for discharge. 


The disposition of the child is a matter bearing an intimate relation 
to this subject of the care of the pregnant woman. Quite a number of 
the institutions wrote that it was their policy to separate the mother and 
child immediately after birth. A few of those delivering the mother 
stated that the infant was sent to another hospital or to another ward of 
the hospital in which the mother was. A Hawaiian sanatorium wrote 
that there the children are segregated and placed. One sanatorium 
reported that its patients are transferred for delivery “through our 
affiliation with the hospital of the University Medical School at ———, 
and are returned to us later, the child being removed immediately and 
kept in the pediatrics department there.” ‘‘We have no provision at 
present in the sanatorium for the care of infants and do not feel that this 
is a field we should enter,” explains another. 

What is to be done to insure adequate care, both medical and obstet- 
rical, for the pregnant tuberculous woman? ‘This study has shown that 
the care given her in the United States is very much less than that 
accorded the tuberculous woman not pregnant. This, in spite of the 
fact that care of her affects at least two lives, rather than one, and that 
failure to care for her adequately frequently means that she passes from 
under competent supervision; that her death and that of the child may 
result; and that the disease, without proper measures for its control, may 
infect still others. Certainly it is unfair to penalize the tuberculous 
woman for becoming pregnant. And the justification of emphasizing 
the bad effect of pregnancy upon the tuberculous woman is assuredly 
open to question as long as she is deprived of adequate treatment for her 
tuberculous disease. Although figures were not gathered as to the 
number of tuberculous women delivered in the sanatoria which accept 
them, it would appear that provision for them in other institutions de- 
pends less upon the need of extra beds or equipment than upon the 
viewpoint of the director of the institution. The suggestion has come 
from one sanatorium physician that “there should be a special institu- 
tion for the care and treatment of pregnant tuberculous women.” But 
one difficulty in the way of such an institution is that for probably the 
majority of patients it would of necessity be located too far away from 
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home. The situation calls for a close working union between the tuber- 
culosis specialist and the obstetrician. Since the primary ailment is the 
tuberculous disease, the place most fitting for the care of such patients 
is the tuberculosis sanatorium or hospital. In the abstract, it would 
appear that the best provision possible would be for the sanatorium to 
care for the woman through delivery. The trend seems to be in this 
direction. Sometimes, however, for one reason or another, this is not 
feasible, and it becomes necessary to transfer her. In such an event, it 
is suggested that, when she is turned over to the obstetrician or other 
physician for delivery and the puerperium, the services of the tubercu- 
losis specialist be continued as a consultant until such a time as the pa- 
tient can be returned to his institution or discharged as in no further 
need of such treatment. Surely she cannot, with humanity, be left to 
the haphazard, inadequate care she has so frequently received in the 
past. 


My acknowledgments are due Dr. H. R. M. Landis, at whose suggestion this study was 
undertaken. 
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THE PLACE OF MENTAL HYGIENE IN THE CARE OF 
TUBERCULOSIS PATIENTS! 


R. S. AHRENS 


I was asked to speak on The Psychology of the Tuberculosis Patient; 
but I have chosen, the above title instead, because I do not think that 
any given disease (other than the psychoses) can be said to have a special 
psychology, whereas mental hygiene has its applications in all types of 
illness, particularly in those of a chronic nature. 

What I shall say may seem sketchy and full of gaps. I am presenting 
nothing new from a mental-hygienic or psychiatric standpoint. My 
entire purpose is to present to you some of the fundamentals of this 
special work, and establish, if possible, its place in your specialty, em- 
phasizing, above all, the fact that you are not dealing merely with 
diseased lungs or infected bones, but with a complicated and delicately 
balanced organism; that you are, in the final analysis, dealing with an 
individual as much as with a disease. 

Mental hygiene has become a generally accepted and much-used term. 
Its entire meaning, however, is not always clearly understood. In 
defining the term, I shall spend a few minutes in presenting a brief 
history of its development, and in discussing it. 

It may be defined as the science of mental health. The term, however, 
includes more than this, in that mental hygiene connotes an organized 
national movement. 

As a public movement it had its inception on May 6, 1908, under 
the leadership of Clifford Beers, a psychotic patient who had re- 
covered and who wrote A Mind That Found Itself, describing his 
experiences. He, with twelve others, organized the National Committee 
for Mental Hygiene. The activities and interests of this organization 
aremany. Chiefly, however, its interests are centered around the study 
of mental disease and mental defects, the protection of the mental health 
of the individual and the dissemination of information concerning the 


1 From the Division of Neurology, Nicollet Clinic, Minneapolis, Minnesota. 
2 Read at a staff meeting of the Glen Lake Sanatorium, Oak Terrace, Minnesota, November 
17, 1926. 
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causes, prevention and treatment of mental disease. When we stop to 
consider that there are 2.45 insane and 4 mental defectives per 1,000 
population in the United States, and that it costs the government ap- 
proximately $16,000,000 annually to care for its mental patients, it is 
evident that some organized national effort directed toward the study, 
cure and prevention of mental illness is needed. If I had time to give 
you an outline of some of the conditions existing prior, to 1908 and the 
advancements made under the direction of the mental-hygiene move- 
ment, the need for this national organization would be still more evident. 
Too high praise cannot be given Mr. Beers and his co-workers. 

Mental hygiene, as a science, is concerned with the study of abnormal 
mental states, the interpretation of the facts discovered, and the applica- 
tion of this knowledge toward the prevention and cure of mental disease. 
In practice it must consider such questions as what are our minds, the 
variations in individual mental make-up, our faulty mental habits, the 
various factors which influence our mental habits for better or worse, 
and the ways of promoting the helpful factors. It presupposes a knowl- 
edge of the anatomy and physiology of the central nervous system, 
normal and abnormal psychology, and psychiatry. 

This very brief review of the mental-hygiene movement is presented 
merely to acquaint you with the recognized importance of the mental 
health of our people and of the established need for some organized form 
of control and dissemination of knowledge. 

Your reaction to this is perhaps to be happy that your specialty deals 
with things that can be seen and heard, rather than with the mental 
vagaries of a nation. However, if you but consider for a moment, you 
will realize that no physician goes for long without some well-formed 
ideas regarding each of the above-mentioned questions, and that you 
are daily applying in some way the principles of mental hygiene in your 
contact with your patients. 

The ideal time for the training of the mind is during the formative 
years of childhood, when the environment can be more or less controlled 
and the best habits, attitudes, aims, self-understanding and self-control 
can be taught. The child can be trained to adjust himself to a social 
life in which conflicts between desire and repression are constantly 
arising. 

There is, however, no age and no special class of individuals to which 
the laws of mental hygiene are not applicable. The infant, the pre- 
school child, the adolescent, the young and middle-aged adult and the 
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aged, all have their difficulties and at times need help. In industry, 
college and university, in the army and navy, in the hospital and sana- 
torium, a knowledge and application of the laws and principles of mental 
hygiene are of value. 

The parent, teacher, minister, lawyer, physician, visiting nurse and 
hospital nurse should all have a knowledge of its principles and be able 
at least to recognize the type of case which needs its help. 

What characterizes these cases, what etiology can be established, and 
what can be done to relieve them? 

They are roughly of the so called nervous, neurasthenic, hysterical, 
mildly antisocial, helpless, hypochondriacal, worrying types. They are 
the misfits, the failures, the chronically discontented and unhappy. You 
all have descriptive terms which you apply to these people. You 
meet them socially, as patients, as employees, and even as co-workers. 
You set them apart as being difficult, unreasonable, childish, foolish, 
or “weak sisters,’”’ and often regard them as essentially ignorant. You 
make some effort to smooth your contact with them, succeeding with 
some and failing with others. Have you ever attempted to analyze the 
possible factors causing these milder nervous manifestations? 

In a very interesting survey of 200 cases, picked at random from his 
files, Dr. G. V. Hamilton makes the following etiological analysis: 


One hundred and forty-five of the two hundred cases of the survey seemed to owe their nerv- 
ousness wholly or in part to maladjustive habits of response to personal problems and 
difficulties. Many of these patients not only presented troublesome nervous symptoms which 
seemed to have been thus determined, but were suffering from actual physical disease of one 
sort or another. 

The third, fourth, fifth and sixth decades represent the period during which nervous disorders 
are especially apt to develop. This is the period of life during which environmental demands, 
inwardly arising urges and somatic disabilities are especially apt to disclose defects in the in- 
dividual’s reactive equipment. After sixty, death and the natural tendency to become less 
responsive to baffling personal limitations and problems are important factors in the reduc- 
tion of the incidence of so called functional diseases. 


My own experience at the Nicollet Clinic is in line with Dr. Hamilton’s 
experience, and I heartily agree with him in his statement that “‘ner- 
vousness secondary to baffling physical disability is very common, often 
in need of much more careful investigation than it has yet received.” 
This statement is of particular importance in connection with your work 

Let us return to the original etiological factor, namely, the maladjus- 
tive habits of response to personal problems and difficulties, and by 
studying the development of a normal child born of healthy parents, as 
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well as by studying the development of the race, see whether we can 
more clearly understand why there should be maladjustive habits, and 
why there should be any problems at all. 

At the time of birth there is a change from a warm fluid medium to 
variable air temperature, from effortless feeding to that requiring effort, 
from absence of sensory stimulation to conditions under which all of the 
senses are stimulated. ‘There is, in short, the awakening of consciousness 
and the development of responses. From the time of birth the infant 
must meet and adjust himself to a complex, ever-changing environment. 
He must begin to form habit patterns which will benefit and protect him 
as an individual. He must also learn to be a social unit, which means the 
development of inhibitions. 

From the time of birth, also, all the environmental factors are variable 
and are essentially unlike for any two individuals. At any given time in 
the development of the individual, the sum total of that individual’s 
habit patterns of reacting to situations (stimuli) may be regarded as his 
character, and the response to them.as his personality. Because of the 
variation in the stimuli, as well as variations in individual make-up, we 
find in adults a great variability. 

Although the variable factors are legion in number and impossible of 
exact analysis, there is common to all human beings the biological needs 
of food, shelter and sex. Analyze as you will, these are the fundamental 
driving forces or stimuli, which, in a normal individual, serve as the 
dynamic factors throughout life. 

Let us go a step further in our search for the cause of personal difh- 
culties and problems. Let us compare the primitive with the modern 
man. 

Food, the essential element in keeping the individual alive, the need 
of which is made known by hunger or physical stimuli, was primitively 
secured with relative ease and simplicity. Raw meats, fish, fruit, nuts, 
caught or picked, or cultivated by the individual, comprised his diet. 
To-day few of us catch or raise our own foods. Weare not satisfied with 
plain viands, but must have fruit out of season, imported delicacies, 
prepared and inspected meats, a balanced diet, the service of which must 
reach a certain high standard. 

Shelter, also an essential element in self-preservation, was to primitive 
mankind amply supplied by a hole in a cliff, or sheltered rocks, or skins 
stretched over poles. Modern man must have an elaborate system of 
rooms, in which to eat and sleep and rest and bathe. They must be 
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automatically heated and lighted, and decorated and equipped through- 
out, according to a very high standard. 

The choice of the sexual object in primitive times went to the strongest. 
There were few, if any, inhibitions or restrictions regarding the satis- 
faction of the sexual appetite. It was as much a part of the individual 
as his appetite for food, and as important. To-day the choice of mate 
still goes to the strongest, but physical strength has been supplanted by 
financial or social or intellectual strength. There is a further difference 
in that there are countless religious and social restrictions calling for 
inhibitions on the part of the individual. 

You hear the statement that we are a nervous race, that we are living 
in a restless age, that the simple life is no more. If you will elaborate 
the brief comparison just made between the old and new order of things, 
perhaps you can see why. A friend recently referred to a farmer as 
leading a simple life. Perhaps the life of a farmer is not filled with as 
many complexities as is that of some others, but even he feels the urge 
of modern progress, and, in order to keep up with the rest of the group, 
he must till his fields with modern machinery, answer the call of sex by 
means of an automobile, and bring his bride to a modern, well-heated 
home, equipped with electric lights, washing-machines, radios and run- 
ning water for sundry purposes. 

Considering the keenness of competition, the increasing demands 
made upon the individual and the complexities of our daily lives, is it 
any wonder that we find an increasing number of baffled individuals 
unable to adjust themselves to the variable situations? Failing in some 
measure in the competition for the three requisites, leading distorted 
mental and physical lives because of conflicts with unsatisfied fundamen- 
tal desires, unable to face facts and to adjust themselves to their environ- 
ments or to adjust their environments to their needs, it is natural that 
their inadequate reactions be manifested by a multitude of symptoms. 
Most often they excuse their failures on the basis of ill health, and this 
excuse is usually made in good faith, for they must excuse their failure to 
themselves as well as to others. We are taught from earliest childhood 
that illness is a legitimate excuse for anything. The weak and the sick 
are sheltered, protected, provided for, and sympathized with. John 
does not have to do the chores and is fed ice-cream if he does not feel well. 
John’s mother breaks a dinner engagement on the plea ofa bad headache. 
Is it not natural that, failing to win the desired rewards of life through 
physical, intellectual, social or other means, ill health be used to excuse 
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failure and at the same time provide the individual with sympathy and 
understanding from those more capable? 

If this is true of those who are sound physically, what then must be 
the mental state of those who are suffering from a demonstrable, organic 
illness, insidious in its onset and as slow in its healing? 

What a tremendous mental readjustment must take place in an in- 
dividual born healthy, developing normally, active physically and in- 
tellectually to the age, we shall say, of twenty-five to thirty, who then 
finds that he has a disease known as the white plague, consumption, or 
tuberculosis, often fatal, the cure of which demands rest, special care, 
food and fresh air! Whocanrest? Who can stop short life’s activities? 
Food—shelter—sex! Failure—success! Death—life! 

Consider the problems of mental readjustment which such a patient 
must make: 

1: From moderate illness, often not incapacitating, and of the nature 
of which the patient is often ignorant, and the warnings of which he has 
ignored, to the knowledge of the presence of an insidious, deadly infection. 

2: The fear of possible imminent death in place of assured living for 
years. 

3: The necessity of changing from an active to a passive life for an 
indeterminate length of time and of sacrificing hopes and plans, advance- 
ment and attained position. 

4: Adjustment to institutional life, which means a change from in- 
dependence to dependence, and from friends of his own choosing to those 
who happen to be at hand. 

5: Worries over leaving family, wife, children or sweetheart. Finan- 
cial worries, involving debts, losses, etc. Worries over loss of place in 
business and society, and the problem of reéstablishing himself after 
recovery. 

You, who deal with these patients daily, can perhaps add, out of your 
experience with them, many other factors. 

Such a mental state presented itself in the change from civilian to army 
life during the late war. At that time, however, there were the activity, 
the novelty, the changing environments, the glamor and the glory which, 
together with the ability to satisfy elemental demands, served as suffi- 
cient reward. Of course, some of the men broke in the camps, but many 
got along nicely until they reached the front line, where the reward was 
far behind and the end imminent. 

Is it any wonder that many of your patients come to you in an upset, 
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restless, irascible, irritable, resentful, despondent, apathetic frame of 
mind? Is it any wonder that many of them offer extreme problems in 
management and care? 

This condition is often transient. Many manage to make a satisfac- 
tory adjustment. They accept the fact that they are ill, that they must 
take time out to recover; they arrange their affairs, accept the sanatorium 
routine, and settle down. Some do not. Instead, they rail and rant 
openly or inwardly, constantly resent, think in circles, remain emotion- 
ally upset, and hence become problems. How can patients in the latter 
group be relieved? What can be done to make them mentally 
comfortable? 

We all have our own technique; we all succeed with some and fail with 
others; we are blessed here and cursed there. In general, however, there 
are certain principles which may be followed. 

For the sake of discussion we can divide our therapeutic efforts into 
several subdivisions, such as (1) steps for mental relief of new patients, 
(2) steps for aiding those who do not make satisfactory adjustments, 
and (3) the handling of prolonged, difficult cases. 

Under subdivision (1) our effort is directed toward removing recent 
fears and misunderstandings and toward helping the patient to adjust 
himself to his radical change in living and thinking. 

. What are some of their fears and misunderstandings? Many of them 
centre around their infection. Is there any reason why the patient 
should not be made acquainted with his own condition? I do not, of 
course, advocate the telling of the hopeless case that cure is impossible, 
but the average patient, I feel, would be better off if properly informed. 
Many of them have dodged the fact that they have tuberculosis. They 
have finally admitted it. Now they are anxious to face the entire 
situation and to know to what extent they are involved. The possibil- 
ity of their misunderstanding any statements we may make should be 
guarded against. They have probably visited many physicians, and 
may have received conflicting reports. They may have formed, out of 
previous misinformation, grossly erroneous ideas of the anatomy, physi- 
ology and pathology of the disease, and, in an effort to interpret their own 
symptoms, overevaluate some and underevaluate otheis. 

Would it be feasible to present to groups of patients suitable lectures 
on tuberculosis, explaining to them the essential elements of the cause 
and development of the disease and the object and mechanism of the 
therapy? To do so would give the entire population of the sanatorium 
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equal and similar knowledge, obviating the exchange of erroneous ideas; 
it would answer their often unasked questions; it would give them 
definite reasons for following orders, and tend toward inspiring an active, 
intelligent interest in the therapeutic regimen. It would serve, too, the 
purpose of bringing patient and physician together on the pupil-teacher 
basis and perhaps strengthen the personal contact so essential in any 
psychotherapeutic measures. Another advantage in such a popular 
lecture program would be the administration of group-therapy, saving 
the time and trouble of handling individual cases. 

To those cases coming under (2), namely, the cases which fail to make 
a satisfactory adjustment after a reasonable length of time and ordinary 
measures, special attention must be given. They need personal help, 
reassurance and frequent explanations. They need someone to lean on 
until they can travel alone. They vary according to their individual 
make-up, some needing a firm hand, others a gentle sympathy. Only 
by a careful study of their needs can successful therapy be administered. 
Reéducational measures must be instituted. The patients must be 
taught to face facts, to think in a straight line and not in circles, to react 
emotionally in proportion to the cause, and not needlessly expend emo- 
tional energy. The physician must constantly keep in mind the question, 
“To what stimulus is this individual inadequately reacting?” and by 
study and analysis point out the proper path. 

The patient must at all times be prevented from feeling on the defensive 
regarding his complaints. To tell him that his troubles are imaginary, 
that he must forget them, is to invite him to prove to you that his troubles 
are real. The patient must have confidence in the physician. The 
physician must deal frankly with the patient. There should be no lies, 
no equivocation, no dodging of issues. Examination must be repeated 
often, and explained in detail. Careful and comprehensive histories are 
necessary. No statement is unimportant, since the beginning of the 
trouble may be remote from the patient’s present illness. 

Members of the third group need the same treatment as the second, 
except that they constitute more marked cases. Some of the second 
group and perhaps most of the third would profit by the aid of someone 
skilled in the handling of such cases. They often border on the truly 
psychotic, and timely attention may prevent the development of a psy- 
chosis. You have already recognized the value of amusement, occu- 
pational therapy and various competitive activities. Constructive, 
organized effort is invaluable in its diverting effect, and often in the 
maintenance of self-respect. 
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I should like to mention another factor contributing to the mental 
health of your patients; namely, friendships. By this I refer, not to the 
haphazard grouping of patients, but to the sorting and placing together 
of patients who are congenial, and of allowing, as far as possible, a group- 
ing based on the desires of the patients. 

Some trouble might be avoided if hazing of all sorts could be abolished. 
Life is dull to the patients, and in the wards any amusement is welcomed. 
The new patient, fresh from home, and not yet adjusted to his own 
problems, on entering the new environment alone is welcomed to the 
ward with some such conversation as the following, passed over his bed: 

‘“‘What happened to Bill?’ 

“Oh, he left.” 

“Home?”’ 

“No—dead!’’ 

“Where did Art go?”’ 

“Moved downstairs.” 

“Is that so? What for?” 

“Dying.” 

All “‘bunk”’’—all for the ears of the newcomer, who already has all 
that he can handle. All a joke, intended to see how much he can stand, 
and often recognized as such by the new patient; but in his impression- 
able mood, when everything looks darkest, having a profound effect. 
It can be stopped only by educating the trouble-makers to an under- 
standing of what severe damage they may do. 

In closing, I wish to repeat that what I have said is only an attempt 
to introduce to you the place which mental hygiene has in your daily 
work and to suggest to you ways and means of helping the unstable 
patient, in the hope that your interest may lead you to a better under- 
standing of his needs. 


HELIOTHERAPY IN THE TREATMENT OF PULMONARY 
TUBERCULOSIS 


FRANK HAMMOND KRUSEN 


Continually greater interest is being shown in the treatment of disease 
by sunlight. The work of Rollier, at Leysin, seems to have proved 
definitely the value of heliotherapy for the extrapulmonary forms of 
tuberculosis. Recently an effort has been made by several investigators 
to determine its effectiveness in pulmonary tuberculosis, and it is with 
this phase that this paper will deal. 

It was Rollier who, in 1903, first introduced the systematic application 
of the sun’s rays to the whole body, and it is his method which is almost 
universally used to-day in heliotherapy. Following Rollier, Gauvain in 
England, Kisch in Germany, LoGrasso in Perrysburg, New York, 
and’ Hyde of Akron, Ohio, took up the study of heliotherapy. Among 
those especially interested in heliotherapy, as applied to pulmonary 
tuberculosis, in this country, have been McCutcheon of Mt. Alto, 
Pennsylvania; Bronfin of Denver, Colorado, and LoGrasso, all of whom 
are still at work upon the problem. 

As yet, little is definitely known as to the therapeutic action of sun- 
light. To quote one lay writer in a recent popular article on Sunshine, 
“‘The chemical processes that occur in pigmented skin and sunlit blood 
are not only a hidden mystery to the average layman, but an unsolved 
puzzle to our medical fraternity.”” ‘Recent German and American 
publications have demonstrated that the action of radiations produces 
a very strong retention of the phosphates and lime in the body,” states 
Rollier, while, on the other hand, Howe and Medlar report that ‘‘there 
is no evidence of ultraviolet rays having any effect upon the calcium or 
phosphorus content of the blood.” Naegeli has proved that the action 
of sunlight causes an increase of hemoglobin. Rollier attributes the 
beneficial effects of the sun’s rays to an enhanced function of the skin. 
He points out that the sun causes an increased circulation in the capil- 
laries and states that the skin is an organ of respiration and nutrition, 
as well as an organ of elimination, and that its increased function, as 
brought about by normal surroundings of air and sunlight, greatly bene- 
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fits the general economy of the patient. In support of his idea of the 
value of the skin as an organ of elimination, he points out that one kidney 
may be removed and life continue indefinitely, while death ensues if 
even one-third of the cutaneous surface is destroyed. 

Some attribute the benefit of the sun’s rays to certain chemical actions 
upon the blood. Some think, as Rollier does, that the benefit is pro- 
duced by the ultraviolet rays at one end of the spectrum, while others, 
as Kisch of Germany, attribute the beneficial effects to the infrared or 
heat rays at the other end of the spectrum. It is probably better to 
agree with Freiberg, of Cincinnati, who, in a recent article in the Journal 
of the American Medical Association, states that “it seems necessary to 
regard sunlight in its normal composition as something we require to 
imitate in its entirety, rather than to seek to generate it artificially and in 
profusion in only certain of its known characters.”” Whatever may be 
the mode of action of the sun’s rays, practically all investigators are of 
the opinion that they cause marked improvement in the general tone 
of the patient, and increased musculature, hemoglobin and resistance. 
Our present lack of definite knowledge as to the exact action of the 
sun’s rays is to be deplored; however, each day new discoveries are 
clearing away the shrouds of uncertainty, and, with interest now aroused, 
much should be learned in the next few years. In the meantime, there 
is no reason why we should not apply heliotherapy empirically, since 
it is apparently of value. 

At present the best mode of application of the sun’s rays is that laid 
down by Rollier. With this method the head is protected from the sun 
at all times. The rest of the body is very gradually exposed. On the 
first day only the feet are exposed, for five minutes. On the second day 
the feet are exposed for ten minutes, and the legs below the knees for 
five minutes. On the third day the feet are exposed for fifteen minutes, 
the legs for ten minutes, and the thighs for five minutes. This gradual 
method of exposure to the sun is continued, exposing each part of the 
body for five minutes more each day, until the whole body, with the 
exception of the head, is being exposed to the sun for as much as two 
hours daily (chart 1). The skin should never be permitted to become 
burned or reddened, but should gradually become deeply pigmented. 
Fair-haired and fair-skinned individuals usually progress less rapidly, 
burn more readily, and pigment more slowly than dark-skinned subjects. 
Those who pigment most readily seem to benefit most from the treat- 
ment (figure 1). There are very few contraindications to heliotherapy 
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if it is properly applied. Severe heart lesions or serious renal disease 
contraindicate insolation. Marked weakness and grave toxemia, as seen 
in the last stages of pulmonary tuberculosis, are also contraindications. 
Jacquerod and some of the early investigators stated that sun treatment 
caused hemoptysis, but most of these men were giving heavy exposures 
locally over the chest alone. At present it seems to be the consensus of 


Dr. Rollier’s Schematic Diagram of Insolation showing the progression by which the 
patient is exposed to the sun. 


6 10 15 20 25 30 40 45 
Min. | Min. | Min. | Min. | Min. | Min. | Min. | Min. | Min. | Min. 


From the 10th to the 15th day, increase according to same scale. From the 15th day, 
all the previously exposed portions of the body should receive the same amount of inso- 
Jation as the longest exposed part,—increasing the time 5 minutes daily, till a bath of 
from 3 to 4 hours is taken. 


CHartT 1 


opinion that if heliotherapy is applied gradually, by the Rollier method, 
it will not cause hemoptysis. In fact, patients with a history of hemopty- 
sis, if they take the treatment properly, seem less likely to have a recur- 
rence of blood-spitting than those who do not take it at all. 

Bronfin has reported unfavorably on the use of heliotherapy in far- 
advanced pulmonary tuberculosis. However, LoGrasso and McCut- 
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cheon both favor its use in pulmonary tuberculosis in the incipient and 
moderately advanced stages, and even in selected far-advanced cases. 

Our study included a group of 40 patients in the Pennsylvania State 
Sanatorium at Cresson, who were given sun treatment for six months. 
Another group of 20 patients were used as control cases. They were 


Fic. 1. Two OF THE WRITER’S PATIENTS, INSOLATED FOR THE SAME PERIOD OF TIME AND 
SHOWING A MARKED VARIATION IN PIGMENTATION 


The patient on the right is dark-haired and dark-eyed; the other, red-haired and blue-eyed. 
Both showed the same amount of pulmonary involvement at the beginning of heliotherapy. 

The poorly pigmented patient died in June, 1926, while the well-pigmented patient is 
progressing nicely and is now doing light work. 

(The hats used for the protection of the heads and eyes may be seen on the floor.) 


placed under similar conditions, except that they did not receive sun 
treatment. Of the 40 patients receiving insolation, 17 were far ad- 
vanced, 19 moderately advanced, and 4 incipient, while of the con- 
trols, 8 were far advanced, 10 moderately advanced, and 2 incipient. 
The sun treatments were begun in April and continued for the ensuing 
sixmonths. The hours for treatment were in the early morning and late 
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afternoon. ‘The intense heat of the noonday sun was avoided, the action 
of the sun-rays being apparently more beneficial during the cooler portions 


TABLE 1 
Mental reaction to sun treatment 


| 
FAR MODERATELY 
ADVANCED ADVANCED INCIPIENT TOTAL PER CENT 


87. 


Like sun treatment 16 
Dislike sun treatment 3 


TABLE 2A 
Expectoration in insolated cases 


FAR MODERATELY 


ADVANCED ADVANCED INCIPIENT TOTAL PER CENT 


17.5 
17.5 
25.0 
40.0 


No expectoration 4 
Unchanged 4 
Decreased 7 


TABLE 23 
Ex pectoration in control cases 


ADVANCED ADVANCED INCIPIENT TOTAL PER CENT 


No expectoration. 
Unchanged 
Increased 


bo 


TABLE 3 
Cough in insolated cases 


FAR MODERATELY 


IC 
ADVANCED ADVANCED | INCIPIENT PER CENT 


No cough 15.0 
Unchanged 29:0 


6 
Increased 4 22:5 
5 


*Of these, the following number 
coughed more at first 


of the day. The patients seemed to enjoy the treatment most when 
there was a moderately warm sun and dry cool air. If the air was hot 
and the humidity great, the treatments were less pleasant. 


3 35 
1 5 5 
| 2 7 
7 
0° 10 
16 
q 1 3 1 5 
4 4 1 9 | 
3 2 0 5 
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The patients were placed in rows on slightly slanting platforms in a 
screened enclosure, so situated that it received the oblique rays of the ; 
morning and afternoon sun. No clothing, except a small breech-cloth, : 


TABLE 4A 


Hemoptysis in insolated cases 


apvancen | aDVancap | MCIPIENT | TOTAL PER CENT 

Never hemoptysis.................- 7 9 2 18 45.0 
History of hemoptysis, but none dur- 

a ee 8 6 0 14 35.0 
History of, and hemoptysis during 

2A 3C 2D 7 17.5 
No history of, but hemoptysis during 


A: Both less than beforeinsolation. B: Slight streaking once during insolation. C: Two 
with same amount of streaking as before sun treatment; one with hemorrhage of 2 drams. 
D: Both with streaking, but in each case less than before insolation. 


TABLE 4B 


Hemo ptysis in control cases 


MODERATELY 
ADVANCED 


FAR 


ADVANCED INCIPIENT TOTAL PER CENT 


Never hemoptysis.................- 3 6 1 10 50.0 
History of hemoptysis but none dur- 

ing study period.................. 3 3 1 7 35.0 
History of, and hemoptysis during 

2A 1B 0 3 15.0 


A: Both frank hemorrhages, one a few drams and one 82 ounces. B: Streaking twice. 


TABLE 5 


Appetite in insolated cases 


MODERATELY 
ADVANCED 


FAR 


ADVANCED INCIPIENT TOTAL PER CENT 


er ere 10 12 1 23 57.5 
4 2 1 7 17.5 
3 5 2 10 25.0 


was worn. The heads and necks were protected by large, wide-brimmed 
straw hats (figure 1). The patients were encouraged to amuse them- 
selves in various ways during treatment, to lessen the possible tedium. 
The Rollier method of gradual insolation was used in all cases. 
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RESULTS 


Psychic Effecis: Our first study’concerned the mental reaction of the 
patients to sun treatment. It was found that most of them liked in- 
solation and derived considerable psychic benefit from it (table 1). 

Sputum: In the majority of insolated cases the amount of expectora- 
tion was decreased, while in the control group this was not the case. 


TABLE 6 
Strength of insolated cases 


FAR [MODERATELY 
ADVANCED | ADVANCED 


3 3 
1 1 
Unchanged 6 8 
Unchanged, but weaker just after 

treatment 7 7 


TABLE 7A 
Lung moisture in insolated cases 


MODERATELY 


ADVANCED INCIPIENT PER CENT 


Unchanged 
Decreased 


*No rales heard at any time. 


TABLE 7B 
Lung moisture in control cases 


FAR MODERATELY 
ADVANCED | ADVANCED ee 


1 
Unchanged 5 5 
Decreased 2 4 


In many of the insolated cases the amount of sputum was slightly in- 
creased at the beginning of the treatment and was more readily ex- 
pectorated; this was followed by a diminution in amount (tables 2A 
and 2B). 

Cough: In many insolated cases the cough increased at first and then 
gradually decreased; in the majority of them the cough diminished 
(table 3). 
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1 7 17.5 

0 2 5.0 
1 15 37.5 
2 16 40.0 
FAR 
ADVANCED 

4 1 2° 7 17.5 
| 17 2 31 77.5 
0 2 10.0 
2 12 60.0 
; 0 6 30.0 
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Hemoptysis: Cases with a history of hemoptysis were insolated just as 
were the others, but they were watched very carefully. Of the 40 cases 
insolated, only one had a frank hemorrhage (of about two ounces) 
during insolation. Among the 20 control cases there were two frank 
hemorrhage cases. There were 14 cases with a history of hemoptysis 
that did not spit any blood during insolation (tables 4A and 4B). 

Appetite: It has been said by some investigators that sun treatment 
interferes with appetite; however, little change was noted in our group 
of insolated cases (table 5). 


TABLE 8A 


Sputum examinations of insolated cases (based on number of bacilli per microscopic field) 


FAR MODERATELY 


ADVANCED | ADVANCED INCIPIENT TOTAL PER CENT 


Positive, but number of bacilli in- 
creased 10 

Positive, but number of bacilli de- 
creased 

Number of bacilli unchanged 

Negative throughout 


TABLE 8B 


Sputum examination of control cases 


FAR MODERATELY 


ADVANCED | ADVANCED 


Positive, but number of bacilli in- 
creased 25.0 


10.0 
Number of bacilli unchanged 0.0 
Negative throughout 13 65.0 


Strength: As regards strength, little difference was noted, although 
many patients stated that they felt weaker just after treatment (table 6). 

Clinical Findings: As regards clinical findings, the report of McCutch- 
eon, of Mt. Alto, regarding the marked decrease of lung moisture in 
insolated cases was strikingly confirmed. In 31 of the 40 insolated cases, 
lung moisture was to some extent decreased, and in most cases much 
decreased (table 7A). 

In the group of control cases, the amount of lung moisture was in most 
cases unchanged (table 7B). 


ie ; 
). 
_ 2 0 12 30.0 
6 0 10 25.0 
1 0 2 5.0 
— 10 4 16 40.0 
TOTAL PER CENT 
Positive, but number of bacilli de- 
\ 
l 
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Tubercle Bacilli: Examination of the sputum of the insolated cases 
was not encouraging, the number of bacilli being increased in 12 and 


decreased in only 10 cases (table 8A). 


TABLE 9A 


Weight in insolated cases 


FAR MODERATELY 


ADVANCED | ADVANCED | INCIPIENT 


PER CENT 


Decreased 10 
Increased 5 
4 


50.0 
35.0 
15.0 


TABLE 9B 


Weight in control cases 


FAR MODERATELY 


ADVANCED ADVANCED 


PER CENT 


1 
0 
1 


55.0 
40.0 
5.0 


TABLE 10A 


Temperature in insolated cases 


FAR MODERATELY 
ADVANCED ADVANCED 


PER CENT 


Normal temperature throughout 9 10 
Diminished 3 3 
Increased 4 2 
Unchanged 1 


50.0 
17.5 
20.0 
12.5 


TABLE 10B 


Temperature in control cases 


FAR MODERATELY 


ADVANCED ADVANCED i 


PER CENT 


3 6 


0 1 
3 2 
2 1 


Unfortunately, the majority of the control cases showed a negative 


sputum throughout. Of those that were positive, the number of bacilli 
was increased in 5 and decreased in 2 cases (table 8B). 


TOTAL 
| 0 20 
4 14 
: 0 6 
TOTAL 
j 5 5 11 
INCIPIENT TOTAL 
1 20 
| 1 7 
2 8 
0 5 
LENT TOTAL 
Normal temperature throughout..... 0 9 45.0 


HELIOTHERAPY IN PULMONARY TUBERCULOSIS 189 


Weight: There were more patients who lost than gained weight when 
they received sun treatment (table 9A). 

Approximately the same weight relations were present in the control 
cases as in the insolated cases; so that the treatment seems to have had 
no special effect upon the weight (table 9B). 

Temperature: As regards the temperature, little effect was noted. 
It was, however, diminished in a greater percentage of insolated than 
control cases (tables 10A and 10B). 


CONCLUSIONS 


1. Heliotherapy, properly administered (preferably by the Rollier 
method), is of value in pulmonary tuberculosis. 

2. The majority of patients like it, and are in a much more cheerful 
mental state while taking it. 

3. Expectoration is apparently easier and slightly increased during 
the early stage of sun-cure, which stage is followed by a diminution in 
the amount of sputum, and finally there is a marked decrease in lung 
moisture. 

4. Cough is slightly increased at the beginning of insolation, and then 
seems to be permanently diminished. 


5. Hemoptysis is not a contraindication to heliotherapy. 

6. Patients whose skins pigment well seem to be most benefited by sun 
therapy. 

7. Very far advanced or toxic cases should not receive sun treatment. 

8. There is need of further study and confirmation of existing informa- 
tion, and there is especially a need for research in the physiological 
action of sun rays. 
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THE SPECIAL TECHNIQUE FOR SELECTIVE COLLAPSE 
IN ARTIFICIAL PNEUMOTHORAX 


DAVID KRAMER! 


Since the publication (1) of a preliminary report, Selective Collapse 
under Partial Pneumothorax, the writer has been struck with the relatively 
increased difficulty of making refills in this form of treatment, for those 
accustomed to only the complete method of inducing pneumothorax. 
This will be readily understood when it is remembered that in partial 
collapse the pneumothorax space is comparatively small, and usually 
broad and shallow. For those who wish to essay this method of treat- 
ment, and to ensure for themselves the success which it deservedly has 
over the complete method, this paper is written. _ 

No operator is fitted to initiate this form of treatment in pulmonary 
tuberculosis until he has had considerable experience in the regular 
sanatorium treatment of the disease. He must have available a first 
class X-ray service. The patient must have the proper temperament, 
he must be thoroughly impressed with the gravity of his disease, and he 
must thoroughly understand the exceptional opportunity which is his, 
in that he has had the good fortune to have been selected for the treat- ° 
ment. 

The time to study a pneumothorax case is before any pneumothorax 
has been instituted. After it has been definitely established, physical 
examination for the determination of disease conditions is unsatisfactory. 
By its presence the pneumothorax masks and muffles the signs. The 
patient’s chart should contain a very detailed history, a most pains- 
taking chest examination with a summary of the visualized pathological 
changes, the usual medical notes and temperature and pulse records, etc. 
The clinical chart and the serial X-ray plates are nearly all that will be 
available, upon which to base an opinion regarding the progress of 
the case throughout the long period of treatment. In this chest examina- 
tion two sites of entry for the initial operation should be chosen, and 
marked on the patient’s chest just before operation. In this methodof 
treatment the diagnostic value of the serial stereoroentgenograms will be 
taken up later. 


1 New Mexico Cottage Sanatorium, Silver City, New Mexico. 
191 


{ 
j 
24, 
4 
4 
q 


192 DAVID KRAMER 


As regards the selection of sites, the usual rules are to be followed. 
Study of the X-ray should be most thorough for pleural adhesions. In 
the initial operation, the danger of injury to the diseased visceral pleura, 
or even to the lung itself, must always be borne in mind. For this reason, 
by preference, sites are selected in the lower half of the chest, and usually 
in the posterior axillary line in tuberculosis cases; while, on the contrary, 
in nontuberculous disease the lower half of the thorax is usually the site 
of the disease, and the points selected should be in the upper half of the 
chest. The reason for this is self-evident. Slight trauma of the vis- 
ceral pleura over normal lung, or even trauma of the lung itself, is 
practically without danger. It must be exceedingly rare for the slight 
trauma, made by the fine-calibered pneumothorax needle advised, to 
cause a traumatic pneumothorax. On the other hand, injuries of a 
tuberculous pleura, or of a pleura directly adjacent to tuberculous infil- 
tration, or of pleural adhesions arising from the neighborhood of subpleu- 
ral disease, can readily be conceived to be the cause of pleural exudate, 
of small or large traumatic pneumothoraces, of the dislodgment of either 
a large or small plug of cheesy tubercle, with resultant large spontaneous 
pyopneumothorax, eventuating possibly in death. In any case, any of 
these complications will entirely nullify future attempts to maintain a 
partial selective collapse over a long time. 

Before any pneumothorax has been induced, the operator must have 
determined in his own mind that the case is a suitable one, and that a 
unilateral collapse will be sufficient; or that from the beginning it is to be 
regarded asa bilateral case. For in unilateral cases the patient is told at 
the very beginning that he must undergo at least eight to ten months’ 
supervision and sanatorium care, while in the bilateral case the patient 
must agree to undergo the same supervision ten to twelve months longer. 
Under all circumstances the operator must everlastingly remember that 
he is treating pulmonary tuberculosis. To obtain the best results he 
should regard this highly specialized form of therapy as merely adjuvant 
to the usual sanatorium care of pulmonary tuberculosis. Pneumotho- 
rax alone is not specific. 


TECHNIQUE FOR UNILATERAL PNEUMOTHORAX IN PULMONARY 
TUBERCULOSIS 
Initial Operation 


The operating table is set up together with two sterile tables, onefor 
sterile gowns, gloves, sheets for draping, towels, powder, etc., and the 
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other for sponges, alcohol and a basin of bichloride of mercury. A Mayo 
table, draped with sterile sheet, holds 1 per cent novocaine solution, two 
sterile cups for soiled needles, sterile salt solution, and two Luer syringes 
with collars or protectors. The hypodermic needles (preferably of gold 
or platinum) should be of three lengths,—1, 1} and 2-inch slip-ons for 
the Luer syringes. 

Any pneumothorax apparatus of approved style may be used. When 
many cases are undergoing treatment a simple home-made apparatus, 
with two bottles of either 3,000 or 4,000-cc. capacity, will be found more 
practicable and reliable. One bottle should be filled with a 1:2000 
bichloride solution, or with a saturated boric-acid solution. All connec- 
tions must be absolutely air-tight. Parts should be connected with heavy- 
walled smalJ-gauge rubber tubing similar to that used for stethoscopes. 
But the tube going to the chest should be of thin-walled rubber of about 
z-inch calibre; it should be in 2 parts, connected by a small glass tube 
filled with sterile cotton, and the distal part fitted with an adapter at this 
end to fit the slip-on pneumothorax needles. This distal part of the tube 
leading to the pleural cavity should be sterilized by immersion in alcohol, 
and removed from it about two hours before the time of operation, so 
that it will dry thoroughly. 

I have had the best success with aspiration needles of 17 or 18-gauge. 
The needle-eye must be ground down to about ? length, and the edges 
very sensibly dulled on an emery wheel. All the needles, containing 
their wires, are sterilized and are then allowed to soak in the alcohol; 
upon removal from the alcohol, about 3 hour prior to operating time, 
the wires are withdrawn, and the alcohol is well shaken from the needles 
and they are allowed to dry. Along with the needles, an iridectomy 
knife, 7s to } inch broad, after having been sterilized thoroughly in 
alcohol, is placed on the Mayo table to dry. 

The operating table should have a small sand-bag, so placed that the 
patient’s ribs at the site selected are raised and the intercostal spaces 
widened by the ‘‘good”’ side lying upon it, the shoulder between the 
sand-bag and the head-pillow. The patient’s upper arm is crooked at the 
elbow, the hand resting upon his temple. The elbow should be passively 
moved laterally, until the best possible relaxation of the anterior and 
posterior pectoral muscles is obtained. This gives the shortest possible 
distance between the skin and the pleura for the pneumothorax needle 
to travel. 

The patient has between the thumb and index fingers of his other hand 
a “‘pincher-bug”’ signal, which he is instructed to snap whenever he feels 
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the approach of uncontrollable cough, or upon feeling pain. The purpose 
of this is to warn the operator to withdraw instantly from the pleural 
cavity, and thus seek to avoid any possibliity of lung trauma. The 
patient is calmed by informing him that the procedure is practically 
painless and without danger, that he must breathe normally but evenly 
throughout, that he must be absolutely silent, and that he must not 
shift or voluntarily move any part of his body until the treatment is 
finished. 

‘The field surrounding the first site of election is painted with iodine, 
and a sterile sheet with a window, about 2 inches square, is placed over 
the field so that the site occupies the centre. A hypcdermic syringe, 
with a needle about 1} inches long, is filled with novocaine and the air is 
expelled. The syringe is held by the right hand, with the thumb on the 
plunger and the index and middle fingers under the protector or metal 
shoulder. The intercostal space nearest the site selected is exactly 
identified by depressing the tissues over it with the index and middle 
fingers of the left hand. Maintaining this pressure, the point of the 
needle is passed intracutaneously, and a small amount of the solution is 
injected into the skin. The syringe is then raised to a right angle with 
the surface of the chest, and more solution is injected until a good-sized 
wheal has been raised. The advantages of a good wheal are, first, that 
it guarantees anaesthesia of the skin; second, that it identifies exactly 
the site of injection and makes conspicuous the point of insertion of the 
needle, so that the incision to be made later will be directly along the 
line of anaesthesia; and third, that it makes for ischaemia along the line 
of the future incision, and sensibly diminishes the percentage of unsucess- 
ful readings from blood in the pneumothorax needle. 

The delicate hypodermic needle is grasped rather firmly by the thumb 
and index finger of the left hand, the ulnar surface of which is resting 
upon the patient’s chest for support. The assistance afforded by the 
left hand is to give support to the delicate needle, to prevent its bending, 
and to aid in forcing the point straight down through the resistant tissues 
of the chest-wall and into the pleural cavity. Again warning the patient 
not to cough without first signalling, the fingers of the right hand slowly 
force the needle through the chest-wall, the thumb continously forcing 
out small amounts of the novocaine. But it is important to maintain 
the needle and the syringe always in the same straight line. It is of 
value to note that a certain definite resistance to the flow of the solution 
into the chest tissues is felt by the right thumb, and also that this re- 
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sistance disappears suddenly, the solution seemingly being sucked out of 
the syringe. Mark this point on the hypodermic needle, for that is the 
depth of the pleura. 

When this point is reached, very slowly inject about 5 minims of the 
solution; for, if injected rapidly and in rather large quantity, an un- 
controllable spasmodic reflex cough may be set up, and the patient later 
complains of tasting the novocaine. Therefore, when the pleura is 
reached, the operator should be ready instantly to whip out the needle 
upon the very first indication of possible cough. 

If no cough occurs, the needle is slowly withdrawn, the solution being 
continuously injected throughout its withdrawal. This technique of 
manipulating the hypodermic syringe and needle I was forced to impro-— 
vise, in order to prevent the breaking off of these fine needles and for- 
ever lose them in the chest. In the old method of handling the novocaine 
injection by the right hand alone, beginners in pneumothorax work are 
very prone to this accident. On this account I now think of the bimanual 
as a “‘fool-proof” method. And the loss of a hypodermic needle into 
the chest is not entirely only of psychic harm; I have seen one large 
spontaneous pneumothorax occur, undoubtedly because of the impinge- 
ment of the sharp point of the needle into the visceral pleura, as shown 
by X-ray. 

The advantages of the bimanual method are (1) the position of both 
hands is natural and without strain, and control of the injection is 
therefore absolutely assured, and manipulation of the syringe made 
graceful and easy; (2) the passage of the needle is steady and uniform, 
and not in jerks and starts; (3) there is no chance for the bending of the 
needles on the syringe—the most potent cause of ‘‘lost” needles,— 
hence ‘‘fool proof;” (4) one has better control of the plunger of the 
syringe, thus ensuring a uniform flow of the novocaine and avoiding 
sudden flooding of the pleural surface, reflex cough, etc., and (5) the 
needle can be whipped out instantly at the very first indication of cough, 
control of the syringe being perfect. 

The iridectomy knife is now inserted perpendicularly and downward 
into the intercostal space, directly through the original needle puncture, 
to a distance } to 3 inch /ess than that distance marked on the hypodermic 
needle where resistance to the flow of the solution first ceased. For this 
indicated the distance to the pleura, and it is inexcusable to puncture or 
traumatize the pleura with the knife. While withdrawing the knife, the 
skin incision is slightly increased, to allow amply for the passage of the 
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needle through the tough skin. The knife is wiped (both sides) on the 
sterile sheet and deposited in the alcohol, to sterilize it for the next 
operation. 

A gauze sponge is now used, to massage out of the incision any blood 
and excess of injected solutions; and this is again repeated just prior to the 
insertion of the pneumothorax needle into the incision, the purpose, of 
course, being to make the entire procedure as dry as. possible. One end 
of the sterile small-gauged rubber tube is handed to the nurse, who fits 
it snugly over the cotton-filled glass connector, while the operator slips 
tightly over the adapter one of the pneumothorax needles. While the 
needle is held with its point down, the nurse is instructed to aJlow air.to 
flow through it two or three times, drying out the needle as much as 
possible. 

Grasping the pneumothorax needle by its head (having again dried 
the incision with a gauze sponge), the point is gently passed into the 
opening, and manipulated so as to pass down through the knife-track. If 
it does not immediately insinuate itself into the knife-track it should be 
withdrawn, again blown out by the manometer, and reinserted. If it is 
unsuccessful the second time, the incision is enlarged throughout with 
the knife, when it will most certainly be successful. This is of impor- 
tance, for, should the dull needle be forced through the dense tissues, a 
plugged needle is more than likely to result. Throughout the operation 
the pneumothorax needle is held somewhat after the fashion of the 
hypodermic needle as outlined above. The thumb and index fingers 
of the right hand grasp it by its head, while the middle finger is extended 
down along its shaft to a point marking the estimated distance of the 
pleural cavity from the skin, and the ulnar surface of the right hand rests 
on the chest for support. As with the hypodermic needle, the left thumb 
and index fingers support and steady the shaft of the needle. 

Watching the water-gauge of the manometer, the needle is slowly but 
firmly forced downward, using both hands simultaneously, until nearly 
the estimated depth has been reached. During this procedure the manom- 
eter will usually indicate a slow but steadily increasing positive pressure 
up to plus 1 to2cm. Continuing the insertion of the needle, should the 
parietal pleura be thin, the point of the needle may pierce it and pleural 
oscillations register on the water-gauge. But, as a rule, when the pleura 
is reached and the dulled point is pressed against it, the increase in the 
positive phase ceases and the water-gauge flutters a little with respiration; 
then, as the pressure on the needle is continued, the water level slowly 
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rises, becoming less positive or even negative. Suddenly the point of the 
needle is felt to slip through the pleura, accompanied by the rapid ascent 
of the water-gauge into the negative side, and the usual pleural fluctua- 
tions register with respiration. 

These manometric phenomena during the passage of the pneumothorax 
needle are most valuable in making refills in selective collapse. The 
pneumothorax is small and often very shallow; therefore they reduce the 
difficulty of adminstration, and, second, they aid in preventing trau- 
matic pneumothorax. They depend, in the main, upon the relative 
dulness of the needle, and upon the thickness and rigidity of the parietal 
pleura. For this reason they may be absent entirely at an initial treat- 
ment on account of the thin pleura; but in the same patient, after he has 
been a pneumothorax case for some time, the pleura thickens and the 
pnenomena are more than likely to occur. Also, from frequent usage 
and boiling the needle becomes more dull, and this aids in causing their 
appearance. 

While the needle is being passed through the chest-wall, its point should 
either be traversing the tissues or be held stationary but firmly downward 
against them; the muscles of the fingers must never relax sufficiently to 
allow the needle to slip upward. Otherwise novocaine solution and blood 
are likely to gain entrance into it, thereby making the finding of the 
pleural cavity very difficult or impossible, by interfering with the 
oscillations. 

Occasionally, when the pleural cavity is entered, a sharp rise on the 
negative side (minus 4 to 6) of the water-gauge may register and remain 
stationary at that point; or again it may ascend and remain station- 
ary during expiration. This usually indicates blood or fluid, or even 
a small bit of tissue in the needle. If manipulation or squeezing of 
the rubber tubing does not correct this, it is allowable with such readings 
to have the nurse turn the valve on and off quickly, in attempting to 
clear the needle, and thereby establish good oscillations. If this proce- 
dure does not clear the needle, it should be considered definitely blocked. 
In this case it is best to withdraw the needle at once, rather than seek to 
obtain satisfactory readings with a blocked needle, and thus possibly 
occasion serious damage to the lung. The needle should be attached 
to the second hypodermic syringe filled with salt solution and be flushed 
out. It should then be allowed to soak in alcohol, blown out by the 
manometer, and reinserted. 

Very rarely, as the needle is forced downward toward the pleural cavity, 
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rapid positive phenomena occur; the pressures steadily going higher— 
plus 4, +5, +6, +7, +8, etc. This always means one thing—that 
the point of the needle is in a blood-vessel, and the blood is passing up 
through the needle and into the rubbertubing. The needle should be 
withdrawn instantly, and the tube and needle washed out with sterile 
salt solution, and then alcohol. The tube should be swung in the air 
rapidly to dry it. The needle, properly treated, is passed again just ad- 
jacent to the previous site. 

Once the pleural cavity has been reached, as evidenced by the manom- 
eter, the operator should not move or shift any portion of his body, 
especially the hands, until the treatment has been completed. The 
slightest movement may so affect the position of the point of the needle 
as to lose the readings. 

During the passage of the needle, if no manometric oscillations take 
place,.even after the estimated pleural depth has been reached, the 
needle is plugged or obstructed, or the apparatus is not “tight”. The 
needle should be withdrawn, and the fault corrected before reinserting 
the needle. In a relatively free pleural cavity, when adhesions do not 
interfere, the water-gauge usually varies between minus 2 to 4 at the 
end of an expiration, and minus 4 to 6 at the end of an inspiration. The 
usual variation is more than 2 cm. between inspiration and expiration. 
When adhesions do interfere the variation is more limited, perhaps 1 to 
1.5cm. In the latter case the air is allowed to flow in in extremely small 
amounts, 10 to 25 cc., and the effect is noted. When the oscillations 
are plus 1 to 1.5 on expiration, and minus 1 to 1.5 on inspiration, the 
eye of the needle is probably in the pulmonary tissue. Initial plus 
pressures may indicate pleural effusion, spontaneous pneumothorax, 
pyopneumothorax, or more or less complete induced pneumothorax. 


The Administration of Air 


The patient is again instructed not to cough or speak, nor to move 
unnecessarily; he must breathe naturally and regularly. The nurse is 
cautioned not to worry about the initial reading, but to be prepared in- 
stantly to turn on the valve, allowing air to flow into the pleural cavity 
upon word from the operator. The initial readings should be observed 
by the operator, so that they can be noted later on the report of the 
treatment. As soon as the manometer indicates that the needle point 
is between the pleural layers by the usual oscillations on the negative 


i 
§ 
iba 
Hs 
| 
¥ 


SPECIAL TECHNIQUE FOR SELECTIVE COLLAPSE 199 


side, 25 cc. are ordered given. The operator keeps his eyes on the water- 
level in the upper bottle, noting its rate of flow, but ready to withdraw 
upon notification from the patient. If the water steadily declines (and 
this in part depends upon the difference in levels of the fluid in the 
bottles), 25 cc. additional are given, and the readings told the nurse only 
after the 50 cc. have entered the pleural cavity. At this time the initial 
readings menta]ly noted may be given. If the water-level had declined 
evenly and perceptibly there should have been no difficulties encoun- 
tered throughout the treatment. Should the level have remained con- 
stant or have declined unduly slowly, or should the patient have signalled 
pain, the nurse is instructed to turn off the air-flow immediately of her 
own accord. This usually signifies rather dense adhesions, and it is 
not entirely safe to stretch them hurriedly. 

In the ordinary case the second readings are respectively about 0.5 
cm. lower than the initial ones, but this is subject to many variations. 
Again 50 cc. are given and recorded, and so on, until 150 to 200 cc. have 
been given. The readings are now around minus 2 on expiration, and 
minus 3.5 or 4 on inspiration. It is safer at this stage to give the final 
50 cc. in 25 cc. doses. In the case of long, deep chests I often give 300 
cc. at a treatment, depending on whether the expiration reading is minus 
2 or higher after 250 cc. have been given. The amount given at a treat- 
ment is partly judged by the size of the excursion in centimetres between 
expiration and inspiration. If the excursion gets below 1.5 cm., I usually 
stop the further administration of air. My nurses are instructed not to 
record readings when the excursion is less than 1 cm.; besides adhesions, 
such readings may indicate partial obstruction of the needle. 

When the operator has decided that enough air has been administered, 
he applies a finger along the shaft of the needle where it enters the inci- 
sion, and then withdraws the needle. The distance between the tip of 
this finger and the eye of the needle is the exact depth of the pleura at 
that site, the position of the patient remaining the same. This is also 
recorded by the nurse, together with any remarks that may be pertinent, 
such as of pain, shock, thick pleura, site of entry, side treated, position of 
patient, etc. With the patient lying on the back the readings are higher 
than when he lies on his side. 

The used pneumothorax needle is fitted on to the second hypodermic 
syringe filled with salt solution, which clears the needle of blood, etc. 
A properly fitting wire is then run through the needle, which is deposited 
in a.small sterile cup for soiled needles. The site of the operation is 
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massaged dry with a gauze sponge, covered with a small collodion-cotton 
dressing, and the patient is wheeled back to his bed. The operator 
sterilizes his gloved hands by holding them in the bichloride, while 
awaiting arrival of the next case. 


First Refill 


This is usually made 48 hours later. The operating room and patient 
are prepared as before. For refills, when the pneumothorax site is 
definitely localized and not too shallow, a long hypodermic or small- 
calibre aspirating needle with sharp point may be used, and an iridectomy 
knife is then not needed. The nurse recites all the details of the initial 
treatment, the operator thus learning the exact depth of the pleura, etc. 
The injection is made as near as possible to the initial site without imping- 
ing upon its scar. About 200 to 250 cc. are again given, the operator 
being guided by not letting the expiration reading go lower than 1.5 
minus. Usually 250 cc. will not cause it to fall below minus 2. How- 
ever, the readings alone are not sufficient to base a judgment upon the 
amount of air that should be given; this will be gone into later. The 
data are again fully recorded by the nurse as though it were an initial 
treatment, to be recited to the operator before each refill. After the 
first refill stereoscopic X-ray plates should be taken within 12 to 24 hours, 
with such a technique that the pleural surfaces are most likely to be seen, 
preferably that described by Thompson and Barlow (2). 

Within 24 to 48 hours ‘‘selective collapse’’ will be present. By this 
is meant that if a diseased pleura does not prevent, air inducted into a 
pleural cavity at any point will locate itself over the tuberculous focus. 
It will collapse the diseased tissue, regardless of the latter’s location in 
the lung, while the healthy tissue will remain unaffected by it, or nearly 
so (Barlow and Kramer (1)). 

At this time study of the patient by physical examination and X-ray 
is indicated. 

Physical Examination: The side with the collapse lags definitely. 
There will be two sets of signs, namely, those over the collapsed lung 
tissue and those over the pneumothorax. 

Delicate lateral percussion (from the sternum and spine outward) in 
upper-lobe involvement will reveal either impaired resonance, normal 
resonance, hyperresonance, or a dul] tympany from the sternum outward 
a variable distance in each interspace. There will be noticed, at a certain 
point, a rather decided sudden change to definite dulness or flatness. 
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It is advisable to mark in pencil the place of this change in percussion 
in each interspace. It will usually be found that in the first interspace, 
the mark will be nearest the sternum (or spine). In the second inter- 
space it will be further out, and so on down to the fourth or fifth inter- 
space, when it will have entered the axilla. The area of dulness or 
flatness corresponds to the field of the pneumothorax, and the area 
adjacent to the sternum or spine will represent the selective collapse. 

This line, made by percussion, will usually coincide, more or less, with 
a line made by alteration in the breath-sounds. Slightly diminished, 
slightly exaggerated, soft bronchial or amphoric breathing may be pres- 
ent over the collapsed lung; while sharply demarcated from it along 
this line will be distant diminished, feeble or absent breathing. The 
whispered voice (contrary to what obtains in small spontaneous pneumo- 
thorax) is very likely to be increased, or there may even be definite 
pectoriloquy over the collapsed lung and entirely absent over the pneu- 
mothorax. Rales, usually consonating, will be elicited, after cough, over 
the collapsed lung, but it is inadvisable to make the patient cough in 
this early stage of treatment. These same physical signs are present 
posteriorly, as far as it is possible to elicit them owing to interference by 
the scapula. But wherever the induced pneumothorax is situated, the 
physical signs over the collapsed lung tissue and those over the pneumo- 
thorax usually correspond to those given above. 

In tuberculosis, with very few exceptions, the air is located antero- 
laterally. I have seen it along the mediastinum, entirely posteriorly or 
anteriorly, and, if adhesions are marked over the diseased area, I have 
seen it laterally over the healthy lower lobe. But these abnormal posi- 
tions of the pneumothorax are not suitable for continued treatment, and 
must soon be abandoned; in their case the collapse is not selective becaus 
the pleural adhesions prevent this. 

X-Ray: Stereoscopic X-ray plates, made according to the technique 
advised, will show the pneumothorax very clearly. If the physical 
examination was made carefully, the intrapleural translucent area, 
external to the upper lobe and extending to the fourth, fifth or sixth rib 
in the axilla, ought to correspond very closely to the markings made on 
the patient’s chest. Sharply defined from the translucent area of the 
pneumothorax, the marked densities of the collapsed (diseased) area, 
directly under the visceral pleura, form a very sharp contrast. The 
relative position and depth of the pneumothorax, whether mostly an- 
terior, anterolateral, posterolateral or posterior, should be determined 
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exactly from the plates. Thus, the probably best site of entry for any 
refill directly into the pneumothorax space is determined from the X-ray. 
This point should be marked on the patient’s chest. Comparing this 
point with the knowledge gained by physical examination, and combin- 
ing the information, definitely locate the site of election for the second 
refill. 


Second Refill 


The site for the second refill is directly over the pneumothorax space, 
at a point most accessible for the passage of the needle. In the majority 
of instances this will correspond to the second, third or fourth interspace, 
somewhere between the anterior and the posterior axillary lines. I 
have used the third space most often on account of its anatomical ad- 
vantages, prominence of the third rib, broad intercostal space, less 
axillary tissue than higher up, etc. When the pneumothorax is more 
anterior than lateral, the entry should be in the anterior axillary line or 
on either side of it. The same rule applies when the pneumothorax is 
more posterior, by the selection of a point about the posterior axillary 
line. I have, by necessity, used the mammary line, but, when going 
through the large pectoral muscles, the trauma will cause a sensation of 
severe bruising at that point which will last from twelve to twenty-four 
hours. Also, the liability of a plugged needle is much increased by 
traversing so much soft tissue. In making a refill directly into the 
pneumothorax, it is expedient passively to arrange the upper elbow, so 
as to relax all the shoulder muscles, and thus secure the shortest course 
to the pleural cavity. 


Later Refills 


The third refill is made about four days after the second. The rule 
with this, as with all subsequent refills, is to determine exactly, as far as 
is possible by physical examination (supplemented by fluoroscopy or 
X-ray, if necessary), the size and the position of the pneumothorax and 
of the collapse. Is the collapse sufficient? And this should be deter- 
mined in great part by the breath-sounds more than by anything else. 

As the prime object in selective collapse is to maintain a definitely 
determined amount of collapse of the diseased lung uniformly and 
continuously, the refill interval, the amount of air adminstered and the 
final manometric readings can only be determined by repeated study of 
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the case. In a relatively free pleural cavity the final readings should 
rarely go below minus 1.5, or possibly minus 1, on expiration. If the 
readings threaten to go below these points, the needle should be with- 
drawn, X-ray plates be made, and the case studied further the next day, 
to determine its proper management. The same rule holds if a small 
quantity of air causes positive expiratory readings; the operator is 
probably in a small pocket made by pleural adhesions and not in the 
induced pneumothorax. ‘The procedure should be discontinued at that 
site, and a new one tried nearby, it being remembered where the pneumo- 
thorax was located in the study of the case. After six months or more of 
treatments, if this phenomenon occurred more than once, it would tend 
to indicate that the pleural adhesions about the pneumothorax are 
contracting and making a pocket; upon this being verified by examina- 
tion, the case should be abandoned for pneumothorax. In such a case 
a relatively short sanatorium treatment afterward is often sufficient to 
produce apparent arrest. 

Ordinarily, throughout the entire course of treatments, not more than 
200, 250 or 300 cc. are to be administered at the properly selected 
interval to maintain the ideal selective collapse. It can readily be 
understood that no dogmatic rules as to the exact amounts of air and 
the proper intervals of time for refills can be laid down. The pleurae, 
irritated by the air, thicken, and absorb less as the time under treatment 
lengthens; also, the amount of rest-treatment taken, cough, etc., influ- 
ences the absorption; nevertheless, the interval of time between refills 
gradually lengthens. As a general rule the following schedule obtains, 
subject to change in any given case: 


Initial treatment 
2 days later 
2 days later Second refill 
4 days later 
5 days later for each of the next 3 refills 
7 days later for each of the next 5 refills 
10 days later for each of the next 4 refills 


slowly lengthening the time to 12 days, then to a fortnight, to 3 weeks, 
and to monthly refills or longer. 

The following observation will sometimes be of value in occasionally 
assisting to determine the proper time for a refill: As the probable time 
for a refill draws near, a point about 2 to 2.5 inches on either side of the 
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spinous process of the tenth or eleventh dorsal vertebra should be marked 
off on the back. Natural breathing is then compared with the stetho- 
scope over these two points. It will be found that inspiration is approx- 
imately of the same duration on both sides, but on the pneumothorax 
side it is usually distinctly higher pitched and harsh. At the same time, 
if the excursions of the lower lobes is observed posteriorly (diaphragmatic 
adhesions or other abnormalities not interfering), the excursion on the 
pneumothorax side will frequently be found greater than on the other 
side. These signs are only found after a definite amount of air has been 
absorbed; they are not present soon after a refill, and, also, usually are 
not present until after the first month of treatments. However, they 
are not an absolute indication that a refill is urgent, but merely make it 
presumptive that the time for one is drawing near and that some air has 
been absorbed from the pneumothorax. 

The good judgment of the operator regarding the time for a refill lends 
much toward the success of this method of treatment. In case of real 
doubt as to when the probable interval has arrived or has passed, it is 
safer to take initial readings and be guided by them; for, if too much 
absorption has occurred, or is allowed to occur, the management of the 
case is not ideal. Furthermore, adhesions may form, and tend to make 
a pocket which will give trouble later, or the space may be entirely lost. 

The probable time for the refill, as given above, is of great value, but 
it is unsatisfactory to go by this alone. Also, it is unsatisfactory to rely 
on manometric readings alone, as is at once evident. Physical examina- 
tion together with X-ray evidence, combined with the probable interval 
of time, and, if necessary, resort to the manometer,—combined always 
with a visualization of the conditions within the chest,—should form the 
basis of determining the proper time for a refill. 

Regarding the conduct of the case, the same observations apply as 
those given by Barlow and Kramer (1). If at any time, most likely 
through a faulty technique, the space is lost after three different probable 
sites have been atempted, the case should be abandoned for that day; 
and, after a thorough study the next day, the operator should be guided 
by the results of that study. If it is thought that a proper space is still 
present, he should try again; but, if still unsuccessful, he should abandon 
the case for pneumothorax therapy. Or, if a small quantity of air (25 
or 50 cc.) causes a zero or positive reading, and the operator feels that 
he is in the pleural space, such a case should likewise be abandoned. 
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Very often, such cases have already received immeasurable benefit from 
the treatment, and with further proper sanatorium care do exceedingly 
well. When to stop treatments in the ordinary conduct of a case will be 
taken up later in the discussion of the diagnostic value of serial X-ray 
plates. 


BILATERAL PNEUMOTHORAX 


The technique for bilateral cases, as described by Barlow and Kramer 
(1), remains unchanged. I should like to warn against accepting cases 
for this method of treatment, when the disease extends over a long time 
and pathological changes are very extensive. Such cases will practically 
always have much pleurisy, probably with adhesions, and therefore 
selective collapse must necessarily be very limited. While they may be 
much benefited, their lives prolonged and made comfortable, or occasion- 
ally possibly go on to apparent arrest of the disease, in such cases any 
form of pneumothorax therapy is always serious and it may be dangerous. 
The pneumothoraces are extremely difficult to maintain for any long 
period of time, for they require minute care and much study. Further, 
a series of such cases might lead one to abandon a most efficacious form 
of treatment. For bilateral-pneumothorax therapy only such cases 
should be selected in which the involvement is only partial in both upper 
lobes, is rather deep-seated, and is rather recently active, with little 
pleural involvement. Deep-seated cavities do not constitite a contra- 
indication. 


STEREOROENTGENOGRAMS 


These should be made before treatments, also after the second or third 
instillation, and again two weeks Jater; after this, plates should be made 
monthly. The results are more satisfactry for comparative study if all 
are taken within twelve hours after a treatment. In this manner a 
regular series of stereoscopic plates is obtained, making permanent, 
comparative, chronological studies of a case always available. Compara- 
tive studies in chronological order are exceedingly valuable in arriving 
at a clear conception of the course of each case, and afford much valuable 
information. When we consider how little information physical signs 
give of the actual pathological changes present after a pneumothorax 
has been initiated, we can begin to understand the value of a series of 
stereoscopic plates. 
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DIAGNOSTIC VALUE OF SERIAL PLATES 


The relative size, etc., of cavities, as affected by treatment, may easily 
be observed by a chronological study of series of X-ray plates. But 
more important is the effect of treatment on the tuberculous infiltration. 
The ordinary mottling in the pulmonary parenchyma, regarded by the 
roentgenologist as “‘caseation,” “‘infiltration,” etc., when collapsed by 
partial pneumothorax, appears as a more or less uniform density imme- 
diately beneath the pneumothorax. As the case remains under treat- 
ment this density gradually diminishes in size and coincidently becomes 
more translucent, with irregular strands of fibrosis appearing. Along 
with this “‘clearing,’’ the selective collapse shifts its position. The air, 
instead of distributing itself only around and about what was the dis- 
eased tissue, gradually extends itself along the entire length of the chest. 
When the density has entirely cleared, the pneumothorax is more or less 
of the same depth everywhere from the costal surface: then there is no 
selective collapse. 

This phenomenon should indicate anatomical healing; and to me this is 
of more value than any other one indication to determine the approach 
of that period, which is so difficult to decide upon,—the time to dis- 
continue further refills, and allow expansion to take place. My rule is 
to continue for six months thereafter to be within the limits of safety. 
Physical examination is of very limited value in coming to such a decision, 
on account of the marked changes in the physical signs caused by the 
presence of a pneumothorax. Of course, the usual sanatorium require- 
ments as to the condition of apparent arrest must be present, such as 
absence of intoxication, negative sputum, absence of symptoms, gain in 
weight, etc. 

So invariable is this ‘“selective-collapse” property of the partial 
pneumothorax to accumulate over and around the diseased tissue, that 
I can conceive of the pneumothorax being induced merely as a measure 
to determine definitely whether infiltration or disease is present in a lung 
or not, and where. I have seen a pneumothorax completely change its 
location in a chest when an abscess in the lower lobe was healed by a 
selective collapse, the air then moving upward, and accumulating later- 
ally over tuberculous infiltration near the apex. This diagnostic value 
of pneumothorax is entirely lost when complete pneumothorax is 
employed. 
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PLEURAL EFFUSIONS 


In this method of induced pneumothorax, only very rarely does pleural 
effusion occur, and result in pyopneumothorax. During one short 
period of time six small effusions appeared in rapid succession, with no 
discoverable cause. In looking for some contamination I went very 
minutely over the technique, with no result. At that time I was using 
plain water in the manometer, and upon investigation I found it foul- 
smelling; the nurse had forgotten to change it for over six months. I 
neglected to have a bacterial examination made, but, whether infected 
or just foul air and irritating to the pleura, nevertheless, when the water 
was replaced by saturated boric-acid solution, all pleural effusions ceased. 
These effusions were peculiar, in that most of them were very small and 
did not lie in the general pleural cavity. They were interlobar, between 
the middle and lower lobes on the right side, or the upper and lower 
lobes on the left. I have seen such effusions subside within three days 
(fluoroscope); usually they remain about two weeks, with few or no 
symptoms. While the effusion is present there is practically no absorp- 
tion of air. The case should be watched closely, and when indica- 
tions for refills arise these should be managed the same as others. How- 
ever, rather sooner than later the pleural surfaces thicken, adhere along 
the border of the pneumothorax, and then begin to contract, and the 
pneumothorax becomes a pocket. Small quantities of air cause wide 
ranges in the manometric readings toward zero and the positive side. 
It is useless and dangerous to persist with refills in such cases. Their 
pneumothorax should be abandoned, and they should be treated by 
ordinary sanatorium methods, for they usually do exceptionally well. 


ADDENDA 


I have tried various modifications of the ordinary pneumothorax 
needles on the market. A slight tear or rupture of the visceral pleura 
being most unfortunate, or even disastrous in this method, I therefore 
quickly abandoned the special needles on the market as being of too 
large gauge, or top-heavy and clumsy. Special ones were made for me 
of the desired gauge and lightness, and these were also useless because 
the trocar was so fine it would bend when drawn out of the cannula. 
Upon attempting to replace it in the cannula when the latter became 
plugged, the trocar would stick and kink, and was generally undesirable. 
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Thus I was forced to fall back upon modified aspiration needles, as de- 
scribed above. These, too, even after much experience with them, 
occasionally cause much trouble and annoyance, but so far have proved 
to be the most practical for initial operations. 


CONCLUSIONS 


In sanatoria, where many cases are to be placed under this form of 
treatment, there should be a definite artificial-pneumothorax unit: 

1. The pneumothorax unit should have one expert as chief, one or more 
assistant doctors, and a special nurse. The chief should instruct the 
assistants in technique, selection of cases, etc. The assistants should 
be, by preference, younger men, with definite experience in handling 
tuberculosis cases, energetic and hard workers. They should be trained 
to become chiefs and start units of their own. 

2. There should be a special nurse for pneumothorax work alone. 
When not assisting at operations, she should be the nurse in charge 
of the pneumothorax ward. 

3. There should be a special ward or wards for pneumothorax cases. 
Cases should not be transferred off this ward until their completion. 

4. There should be a special office on or near the ward for the operators. 
This office should contain, besides the charts, etc., a good stereoscope 
and the stereoscopic plates of al] patients, arranged serially. 

5. There should be a small operating room for this work alone, so that 
operations can be conducted at all times and in emergency, for haemor- 
rhage, etc., without interference by the surgical department. 

6. In conclusion, even though in repetition, a few Don’ts may be of 
value: 

Don’t forget to test the tightness of the apparatus before starting 
treatments. 

Don’t regard this form of treatment as specific for pulmonary tuber- 
culosis; the rest-exercise treatment is also necessary. 

Don’t forget to caution the patient not to cough as the needle ap- 
proaches the pleura. 

Don’t enter over diseased lung unless positive that the pneumothorax 
is directly underneath the needle. 

Don’t allow any air to enter a chest unless there is a definite negative 
pressure; if this pressure rises with inspiration but remains stationary 
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with expiration the needle is plugged. Turning the valve on and off 
rapidly is harmless, and is often succeeded by good oscillations. 

Don’t forget always to watch the flow of water in the manometer 
bottle. Should it not flow freely, the nurse should turn the flow off on 
her own initiative and call the attention of the operator to it. This 
double check is most desirable to prevent harm being done. 

Don’t persist in continuing a case, when sharp reductions or readings 
toward or into the positive side take place upon the administration of 
small amounts of air, except when effusions are present. 

Don’t move the body, and especially either hand, once good readings 
are obtained; the lightest movement of the point of the needle may 
cause the loss of the readings. 

Don’t give positive pressures in tuberculosis; if this is necessary to 
maintain the pneumothorax, the case is not suitable for this form of 
treatment, except perhaps in effusions. 

Don’t make refills by a time-table schedule alone. Successful results 
demand much study and observation. 
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THE SPECIFIC TREATMENT OF PULMONARY 
TUBERCULOSIS! 


KARL FISCHEL 


The history of the specific treatment of pulmonary tuberculosis is 
not a very creditable chapter in the book of medicine. Few remedies 
have been received with so much hope, have caused so bitter disappoint- 
ments, and have had so much enthusiastic approval and unqualified 
condemnation, as tuberculin. The first tuberculin era was short and 
hectic. Heralded in a dramatic manner, tuberculin was soon held in 
such odium that it was hardly used by anyone in England or Germany. 
Almost before it reached the United States it had been discredited. 
But many workers who had treated a larger number of cases saw no 
reason to give up the new remedy. Cornet, Frinkel, Petruschky, Heron 
in London, and many others continued to use tuberculin in smaller 
doses, thus avoiding the violent general reactions which were observed 
after the drastic doses advocated by Koch. 

When Koch in 1890 brought out his Old Tuberculin, he had tried it 
on himself and recommended 2 cgm. as the initial dose because he reacted 
to that dose. In his opinion, tuberculin, therefore, was a toxin, pro- 
ducing antitoxin, and he explained the tuberculin reaction by the simple 
formula toxin-antitoxin. But Koch reacted to tuberculin because he 
had, as his necropsy showed, tubercular changes in his lungs of which he 
had never been aware. If Koch would have had a more active process 
and had reacted to smaller doses, the history of tuberculin most probably 
would read differently now. Koch’s simple theory of a “‘toxin-antitoxin 
tournament fought out in the blood-stream,’’— to quote Krause,—was 
soon replaced by other theories, none of which was entirely satisfactory. 
This lack of a generally accepted interpretation of all the phenonena, 
which we observe in the tuberculin reaction, has undoubtedly created a 
strong opposition against its use, because we have to know what the 
action of a drug is, in order to use it intelligently. 

The extensive research work carried out for the last forty years has 
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necessarily changed our conception of the specific immunity in tuber- 
culosis and of the nature of the tuberculin reaction. It seems necessary 
to correlate the results of the scientific research work with our clinical 
observations, if we want to find a basis of the use of tuberculin. Then 
only can we hope to understand its possibilities and limitations, and to 
give indications and contraindications for its use and the proper selection 
of patients. 

Our conception of the specific immunity in tuberculosis has undergone 
many basic changes since the time when Koch found the two fundamental 
phenomena which apparently are of a quite different nature. The al- 
tered, more benign course of a superinfection and the troublesome and, 
under conditions, fatal hypersensitiveness are, in fact, closely connected, 
and are consequences and expressions of the same state of immunity. 

Roemer’s views that there is no immunity without hypersensitiveness 
are generally accepted, but our views about the immunity we have 
to deal with in tuberculosis have changed considerably. Hypersensitive- 
ness and tissue allergy to tuberculoprotein and the important réle they 
play in immunity caused an elaborate search for antibodies, whereas the 
importance of the mechanical and anatomical defences against infection 
was overlooked. The extensive work done in tuberculosis immunology 
failed however to demonstrate the presence of antitoxins, and it is 
doubtful whether ail the different humoral immune-bodies have any 
protective or curative effect at all. Calmette says antibodies are not to 
be considered an essential element in resistance to tuberculosis. They 
are rather evidences of cellular reaction to the toxins. Antibodies 
appear in the blood of patients and infected animals quite irregularly in 
proportion as tuberculoprotein is introduced or decomposed. An 
increase or decrease in the antibody concentration in the blood bears no 
relation whatever to clinical improvement or retrogression. Further- 
more, the presence of complement-fixing antibodies can very often not 
be demonstrated where we most expect to find them, as in the blood of 
individuals who have recovered from their disease. 

For these reasons Much and Allen Krause have emphasized the im- 
portance of a cellular immunity in tuberculosis. According to Much, the 
cells of a once infected organism are, and remain, in a strictly specific 
manner, susceptible to the infecting agent and produce antibodies when- 
ever antigen is present or introduced. Cellular immunity, therefore, is 
the capacity of the cells to produce specific antibodies when stimulated 
by the presence of antigen. Much, however, fails to explain in what 
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way the allergic state exerts a protective influence apart from the 
production of antibodies, which, as is generally admitted, have no re- 
lation to resistance to reinfection. 

Krause? (in 1917 and earlier) was the first to explain the mechanism of 
tuberculoimmunity more definitely. His views, that the allergic state 
sets up a series of tissue activities which operate mechanically to fix 
tubercle bacilli at points of infection and thus prevent or retard their 
spread, seem to be supported by his recent studies, which he has carried 
on for about five years, and are in accordance with the views of Wasser- 
mann and Neufeld, as expressed in the lectures before the German 
Tuberculosis Congress in 1921. 

Wassermann pointed out that nature has denied to the human organ- 
ism the same strong immunity against the tubercle bacillus which is 
built up in acute infectious diseases, and that we know of no means to 
influence directly the bacilli within the body, but only of remedies which 
exert an influence upon the tuberculous tissue. In tuberculosis, the 
tissue, according to Wassermann, plays a more important part than the 
infecting bacillus. Only upon the tuberculous tissue can we act by 
specific means, and all tuberculins are, therefore, principally tissue 
reagents. The organism answers to the invasion of bacilli with the 
formation of tuberculous tissue; the first defense is always mechanical 
and the success of the specific treatment depends upon the preservation 
of a balance between tissue and bacilli. And Wassermann concluded 
that we cannot destroy tubercle bacilli within the body by immuno- 
biological means. 

It is now generally admitted that the infected organism is not capable 
of producing antitoxins and that immunity, or the increased resistance 
brought about by the mechanism of immunity, is limited by time and 
degree. Immunity in tuberculosis means protection, but not against 
any number or any virulence of the infecting microbes, and not for any 
length of time; for it starts with the first formation of tuberculous tissue 
and lasts only as long as tuberculous changes exist in the body. The 
mere fact that a disease is chronic, is, according to Neufeld, a proof that 
the immunity against it is incomplete, inconstant and fluctuating. 
There is undoubtedly an increased resistance to a reinfection, but the 
immunity is not strong enough to heal the primary infection. 

Much experimental work has been done to decide the question of how 


? The nature of resistance to tuberculosis, AMERICAN REVIEW OF TUBERCULOSIS, 1917, i, 65. 
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the destruction of reinfecting bacilli is effected in the hypersensitive body. 
It has been assumed that reinfecting microbes are destroyed through 
the action of specific bacteriolysins produced during the allergic stage, 
but the destruction is, as Krause has pointed out, as a rule incomplete. 
The question therefore arises whether the mechanism, through which the 
increased resistance protects against reinfection, can and must be ex- 
plained by the presence of specific immune-bodies, or, in other words, 
whether the reaction of the allergic body to reinfecting bacilli is different 
from that of the anergic body in degree only and not in principle. 

The morphological and microchemical structure of the tubercle bacillus 
is complicated, and its destruction in the body is by no means easy. 
Apparently it cannot be affected otherwise than by first dissolving the 
resistant covering layers by lipolytic ferments before the albuminous 
nucleus can be attacked by proteolytic antibodies. The defensive mech- 
anism of the body corresponds to the peculiar structure of the tubercle 
bacillus in that it entails a division of labor, in which the lymphocytes, 
with their lipolytic action, are first mobilized; whereas the proteolytic 
leucocytes are brought into action in smaller numbers and later (Bergel). 
The important réle which the lymphocytes play in the destruction of 
the tubercle bacilli in the body was recognized many years ago by 
Bartel, Neumann, Weichselbaum and many others, and was later sup- 
ported by Webb, Williams and Basinger in experimental tuberculosis of 
cattle. The lymphatic infiltration is perhaps more concerned with 
resistance to and destruction of the reinfecting microbes in tuberculosis 
than any antibodies, not only by setting up mechanical barriers, but by 
the physiological action of the lymphocytes. The inflammatory changes, 
consisting of hyperaemia, emigration of lymphocytes and occasional 
polynuclear cells, engorgement of blood-vessels, and finally the formation 
of avascular tubercles, are anatomical and mechanical defensive meas- 
ures of the body. If the allergic body is capable of mobilizing these 
forces and producing inflammatory changes around foci of reinfection 
more promptly and with an increased intensity, it has acquired a con- 
siderable degree of resistance to reinfections, regardless of whether the 
lytic destruction of bacilli through lysins occurs, or whether the specific 
tuberculoimmunity operates in some other way. 

The phenomenon, which is best known and which has been studied 
from many angles, is the hypersensitiveness of the infected body to tuber- 
culoprotein, including tuberculin. Soon after infection has taken place 
(the interval depending on the dosage and virulence of the infecting 
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microbes), the infected body becomes hypersensitive to tuberculin. The 
parenteral introduction of tuberculin causes in the allergic organism posi- 
tive local, focal and, under certain conditions, general reactions. There 
is a decided parallelism between the reaction of the body to the intact 
infecting agent itself and to the protein products of tubercle bacilli. 
We can provoke by tuberculin the same reactions which, when appearing 
spontaneously, are called signs of active tuberculosis. And, in the same 
way as an organism, after the first contact with the bacillus of Koch, 
becomes hypersensitive to a subsequent infection, its cells also acquire a 
specific susceptibility to the bacillary proteins; whereas the nontuber- 
culous body is insensitive to even enormous doses of tuberculin. 

Many theories have been advanced to explain how tuberculin, which is 
an indifferent and inert substance for the nontuberculous body, is trans- 
formed into a highly active and toxic substance in the allergic organism, 
assuming that the introduced tuberculin is split up by specific antibodies, 
produced only in the infected body. Some authors postulate that the 
decomposition of the bacillary proteins is not complete, and that the 
toxic intermediate products of albuminous digestion lead to a generalized 
hypersensitiveness, suggesting an analogy with the phenomenon of 
anaphylaxis. According to others, the general reaction is preceded by a 
focal reaction in which inflammation and consequent absorption occur 
in a region containing the products of disintegration of body tissue. 
These disintegrating proteins, like partly digested proteins from any 
source, are toxic. Experiments, however, to transfer tuberculin sensi- 
tiveness from a tuberculous individual to a normal animal, have gen- 
erally failed, although Austrian, on rather slender and unconfirmed evi- 
dence, claimed to have succeeded in this passive sensitization of guinea 
pigs to extracts of the tubercle bacillus by injecting the animals with 
blood from tuberculosis patients. 

The tissue allergy is in all probability general, and all cells in the allergic 
body become hypersensitive to tuberculin. But the degree of sus- 
ceptibility varies with the nature of cells, connective tissue seeming to 
be the most resistant, whereas nerve cells are the most susceptible 
(E. R. Long), a fact which we have to bear in mind when using tuber- 
culin in the treatment of pulmonary tuberculosis. 

The tuberculin reactions, and especially the skin tests, as devised by 
Pirquet, Mantoux and others, have attracted much attention, because 
tuberculin was the first bacterial protein used to diagnose actual infection 
with the bacillus of tuberculosis. Specific tissue allergy is, however, by 
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no means observed and used for diagnosis in tuberculosis only. The 
many tests devised since the introduction of tuberculin, such as the 
mallein and luetin, and the Schick and Dick tests, suggest the general 
law that in all bacterial diseases the once infected body shows a pro- 
foundly changed reaction to the infecting microbes and their dissociated 
derivatives. __In tuberculoimmunity, however, we observe the interest- 
ing phenomenon that immunity is as much and perhaps more connected 
with the tuberculous tissue than with the living tubercle bacilli. It is 
not permanent, for it lasts only as long as tuberculous changes exist in 
the body; and, furthermore, actual contact with living bacilli is not 
necessary, aS we observe a more or less transient hypersensitiveness if 
anatomical tubercle aroused by dead bacilli is present. Roemer was the 
first who demonstrated the allergizing effect of dead bacilli, and his 
findings were corroborated and extended by Baldwin, Krause and many 
others, who not only confirmed the sensitization by dead bacilli, but also 
showed that the sole and only requisite for tissue allergy is anatomical 
tubercle, whether this be caused by living or dead bacilli. Moro has 
lately produced hypersensitiveness by the simultaneous inoculation of 
cowpox virus and heat-killed tubercle bacilli in children, not previously 
vaccinated, and also not sensitive to tuberculin. 

The paramount importance of the tuberculous tissue in immunity, and 
consequently in the treatment of pulmonary tuberculosis, is evidenced 
by all these observations. Tuberculin has some kind of affinity to tuber- 
culous tissue, and the tuberculin reaction is closely associated with the 
inflammatory process taking place around the lodgment of living or dead 
bacilli. The tuberculin reaction is inflammatory. It resembles the 
allergic reaction of the infected body to reinfection, and is a means to 
stimulate and to regulate its speed and intensity. The extensive experi- 
mental work done in tuberculoimmunity, together with clinical observa- 
tions, has necessarily changed our views on the nature of the tuberculin 
reaction, and the majority of writers are at present inclined to consider 
tuberculin therapy as a specific stimulating treatment, by which we can 
provoke, accelerate and exaggerate allergic reactions. 

All our therapeutic efforts in the treatment of pulmonary tuberculosis 
were and are directed by the aim of building up the resistance of the 
patient, no matter how resistance is defined in terms of tuberculoim- 
munity. But simultaneously, and in many instances unintentionally, 
our therapy is aiming at the production in the lungs of fibrous tissue, 
which is most desirable, because it offers the best mechanical defense 
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against reinfections and because it is the best barrier to wall off diseased 
areas. In tuberculous disease of an organ, where destroyed tissue cannot 
be regenerated but must be replaced by scar-tissue, the formation of 
fibrous tissue means arrestment and recovery; and it is therefore not 
at all surprising to notice that all our therapeutic measures, which are 
applied to build up resistance, tend at the same time to promote fibrosis. 
Local and general rest during the active stage, slight exercise in the 
inactive stage, and artificial pneumothorax all favor fibrosis or scarring. 
And if tuberculin, by causing inflammatory reactions and a consequent 
absorption of tissue and a formation of scar-tissue, is another means to 
promote fibrosis, its proper place in the treatment in selected cases of 
pulmonary tuberculosis must be recognized. 

Unfortunately, in the beginning of the tuberculin era there was no 
selection of suitable cases at all, and tuberculin was used indiscriminately, 
with poor and disappointing results. Tuberculosis, instead of tuber- 
culosis patients, was treated. Tuberculosis, however, as any other 
disease, does not exist in life, but only in the text-books. We have to 
deal with tuberculosis patients, each and every one of whom is a case 
and a problem by himself. A routine treatment of any disease, regard- 
less of stage and type, would yield similarly unsatisfactory results. 
Later on, certain indications and contraindications were agreed upon, 
but the selection of cases was directed by the conception of the specific 
treatment being an active immunization. All stages and types of pul- 
monary tuberculosis fell within the wide range of indications for tuber- 
culin. Bandelier and Roepke, in their well known text-book, The 
Specific Treatment of Pulmonary Tuberculosis, admit, as contraindications, 
associated infections, diabetes, cirrhosis of the liver and nephritis only. 
Hayek was the first to stress the necessity of strict individualization, and 
to outline indications based on the immunobiological state of the patient, 
but he and others had to contend with the old three-stage classification, 
based on the extension of the pulmonary involvement only, which was 
useless as a working basis. The introduction of a classification, based on 
the pathological-anatomical character of the process, made it possible 
to select certain types as suitable for specific treatment, and it was the 
consensus of opinion that tuberculin treatment should be limited to the 
fibrotic and proliferative forms, whereas it is contraindicated wherever 
exudative processes predominate. It is obvious that a tuberculin reac- 
tion with inflammatory changes is liable to be dangerous and to favor 
propagation of the infection and extension of the process in a type which 
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is characterized by an exudation and infiltration of leucocytes and other 
cells. 

A classification or separation into the productive and exudative types 
had great advantages, but it was not entirely satisfactory as far as the 
indications for the specific treatment were concerned, because it failed 
to take the patient’s state of immunity into consideration. No dis- 
tinction was made between the anergic, allergic and hypersensitive types, 
each of which will respond to the introduction of tuberculin in a different 
way. When Ranke advanced his classification, based on the immuno- 
biological state of the patients and the way of propagation of the infec- 
tion, a sound and very useful foundation for specific treatment was 
finally established, for it permits us to set down more definite rules for 
the selection or exclusion of types. 

Ranke distinguishes three stages in tuberculosis, each one character- 
ized by a different state of immunity and a different way of propagation 
of the infection. Ranke’s first stage, that of the primary complex; com- 
prising the site of infection and the regional lymph nodes, is marked by 
a profound modification,—allergy,—of all tissue cells after the first 
infection. Infection is spread during this stage through the lymph- 
vessels. The second stage is characterized by hypersensitiveness to 
reinfection and tuberculoproteins and by propagation by the way of the 
blood. During this second stage of generalized tuberculosis, the best 
results can be expected from tuberculin treatment. The third stage, 
the stage of localized tuberculosis in different organs, is distinguished by 
a relative anergy and intracanalicular propagation. The disease is 
spreading by continuity and through the visceral ducts of the body. It 
is the “sad stage” when tuberculosis of the kidneys, descending to ureters 
and bladder, tuberculosis of the intestines, and tuberculosis of the larynx 
develop, or when the tuberculous process in the lungs is spreading along 
the bronchial tubes. 

The difference in the clinical aspects of the second and third stages is 
very striking. On the one hand stands the hypersensitive incipient or 
moderately advanced case, with fever and other symptoms of physical 
impairment, and, in marked contrast, the far-advanced patient, with 
complications in other organs, and very often afebrile and free from such 
impairment. In this well-known type of case, the mutual adaptation 
of host to invading bacilli and vice versa can persist for some time. 
Sahli has used the term ‘‘compensated tuberculosis.” The only explana- 
tion for this equilibrium is that the immunity has broken down and 
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that the fight, as far as recovery is concerned, is over. The tissue-cells 
of the body have apparently lost their capacity to respond to reinfections, 
exogenous or endogenous, with inflammatory reactions; they are too 
exhausted to answer to any stimulations, and the tuberculous process 
extends like a malignant formation, and we cannot, therefore, hope in 
these cases to get any results from specific therapy, which aims at slight 
allergic reactions. 

To sum up, specific treatment is indicated, and will yield good results, 
in cases belonging to the first and second stages, in the sense of Ranke’s 
classification, or, in other words, in the long period which begins with 
allergy and extends through the phase of hypersensitiveness, until the 
stage of relative anergy is reached; and it is contraindicated in the 
exudative type, regardless of the state of immunity. 

The state of immunity, of course, must always be brought into cor- 
relation with the clinical findings, because anergy in the absence of 
active disease means immunobiological cure and absence of tuberculous 
tissue. ‘There are quite a number of cases reported in which a previous 
hypersensitiveness disappeared at the time when clinica] cure was com- 
pleted, and in which all the tests used for the diagnosis of a tuberculous 
infection were negative and remained so. These individuals with a 
“positive anergy,” as Hayek called this form of nonreactivity, have 
regained the state of immunity which they had before the first infection. 

Another form of anergy which can be very misleading, if not taken in 
conjunction with the clinical findings, can be observed after specific 
treatment with large doses. It must be emphasized that tolerance to 
tuberculin has no bearing at all on immunity, and that the aim of the 
specific treatment is not, and cannot be, to suppress the troublesome 
but useful hypersensitivness by high tuberculin doses while there are 
symptoms of activity. The conditions of immunity in clinically active 
disease and in latent tuberculosis are widely different. Imitating nature 
by retaining hypersensitiveness during the active stage and aiming at 
anergy when the inactive phase has been reached, we will get the best 
results from specific treatment. 

Many tuberculins are on the market now, and special merits have been 
claimed for each and every one of them. Most probably the therapeutic 
agent in all preparations is the same; still their effect is, to a certain 
degree, different. According to the stimulation which we wish to apply, 
we have the choice of three groups of preparations: 
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1: The old tuberculins, which are filtrates and condensations of the fluids 
of the culture media. They are all active and reliable preparations, suited 
for diagnostic tests and for the treatment of all torpid processes for which an 
energetic stimulus is needed. 

2: New tuberculins are substantially suspensions of mechanically crushed 
bacilli, and contain all the parts of the bacilli in natural proportion. They 
are milder, inasmuch as the toxins due to the metabolism of the microbes are 
not stored up as in the old tuberculins, and they are recommended for the 
treatment of fibronodular processes, and in cases with complications in sense- 
organs. They are not suitable for diagnosis. 

3: The attenuated tuberculins, weakened either by eliminating as much as 
possible of the albuminous substances or by cultivating old and degenerated 
cultures, or, finally, by the separation of the toxic component of tuberculins 
(partial antigens of Deycke and Much). As there is no cure without reactions, 
decreased toxicity is mostly effected at the cost of efficacy. 


There is still another way of mitigating tuberculin reactions, namely, 
by introducing tuberculins into the skin with a view of retarding absorp- 
tion and of removing the decomposition products of the antigen far from 
the focus. Ponndorf, Petruschky, Sahli, and others have advocated 
their methods of application in order to avoid harmful reactions. 


CONCLUSIONS 


Tuberculin has been advocated with as much enthusiasm as it has 
been condemned. Introduced and recommended on the grounds that 
it is an active immunizing treatment, it was bound to be a comparative 
failure. With our changed views on tuberculoimmunity, our basis for 
the use of tuberculin has changed. It is a specific irritating and stimu- 
lating therapy, by which slight allergic reactions can be produced. As 
such, it ought to have its place among the remedies for the treatment of 
tuberculosis, and is useful, not as a routine treatment, but in cases 
selected according to the pathological-anatomical type and the immuno- 
biological state. 
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RECENT ADVANCES IN THE TREATMENT OF 
TUBERCULOSIS! 


ERNEST S. MARIETTE? 


No period in the history of medicine ever opened with more promise 
than did the nineteenth century. ‘The Spirit of Science was brooding 
on the waters,” and the Sun of Knowledge was appearing on the horizon. 

“The study of the appearances of organs and bodies when diseased, 
or morbid anatomy, which had been begun by Morgagni in the eigh- 
teenth century had been carried forward to more accurate observation 
on local disorders.” 

“The influence of John Hunter in anatomy during the eighteenth 
century had stimulated the younger men to study the problems of 
anatomy and pathology,” and the work of his brother, William, gave 
great impetus to physiology. “Plenciz, of Vienna, as early as the middle 
of the eighteenth century claimed that the decomposition of animal 
fluids was caused wholly by bacteria,” which were first observed nearly 
a hundred years before by Leeuwenhoek in rain water and later in other 
media. These remained mere assertions until Pasteur, Koch and Cohn 
finally proved in the middle of the nineteenth century “the misconcep- 
tions of the theory of spontaneous generation of disease.”’ The way 
was then paved for the modern conception of disease and its treatment. 

The development by Laennec of the art of auscultation through the 
discovery of the use of the stethoscope gave an immense “stimulus to 
the art of clinical research and laid the foundation for modern medicine.” 

Tuberculosis alone at that time killed almost as many people as all 
other diseases combined (the death-rate in Massachusetts in 1853 was 
420 per 100,000 inhabitants) and, therefore, was the subject of keen 
interest and study; and before the end of the nineteenth century a man 
was to announce to the world the discovery of the tubercle bacillus. 
Because tuberculosis occurred so frequently in entire families without 
any apparent reason, common opinion attributed the cause to an heredi- 
tary diathesis, or predisposition, centering in impure blood. 


1 Presented at the sixteenth annual meeting of the Indiana Tuberculosis Association, 
Indianapolis, February 17, 1927. 
? Glen Lake Sanatorium, Oak Terrace, Minnesota. 
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The treatment of tuberculosis, in common with that of other diseases, 
was entirely empirical, and consisted of general measures to correct the 
constitutional disorder or hereditary weakness, and of loca] measures or 
symptomatic treatment to relieve the inflammation. 

The symptomatic treatment of tuberculosis did not differ greatly tone 
that in use to-day except for the use of frequently repeated small bleed- 
ings and counterirritants, including the actual cautery, purging and 
vomiting. These have long since been discarded. The general measures 
consisted of tonics, good food, fresh air, exercise, sunlight, and a change 
of climate. With the addition of rest these general measures are still 
considered the foundation of the cure of tuberculosis. The difference 
lies in our conception of their use and their relative values. 

Even then, as now, some felt that a change of climate was very benefi- 
cial. Others claimed, then as now, that a change of climate was of more 
value in cases of bronchitis simulating tuberculosis than in tuberculosis 
itself. Fresh air was advised, but night air was thought to be harmful. 
Therefore, the rooms of the consumptives were closed tightly. 

Exercise was the corner-stone of the treatment. The exercise was to 
be of a pleasing character, moderate, and regular in amount, and in pro- 
portion to the strength of the individual. This included fencing, farming, 
gardening, walking, horseback riding, dancing, and skipping rope. 
These were prescribed in small amounts at first, to be gradually increased 
to three to four hours a day without fatigue. In the words of a writer of 
that period, moreover “the exercises should never be vigorous enough 
to materially hurry the circulation through the lungs.” Apparently, 
continuous, deep breathing was recognized as detrimental to the cure of 
tuberculosis, even though the cause and nature of repair of foci of disease 
were both unknown. 

With such general measures and so little known about the real nature 
of tuberculosis, is it any wonder that almost the entire world considered 
its treatment futile? 

Here and there, however, physicians were icine to question the 
importance of the hereditary factors or poor parental blood in the de- 
velopment of tuberculosis, especially when only the father was tuber- 
culous. Fetal blood came from the mother, and how could tuberculosis 
in the father influence the mother’s blood? Also, how could fetal blood 
have any influence on a disease which developed fifteen or twenty years 
later, they asked. Science has since proved that tuberculosis is due to 
an infection acquired after birth, and the close contact of family life 


222 ERNEST S. MARIETTE 


offers excellent opportunity for infection by the tubercle bacillus. This 
—not impure fetal blood—explains the frequent occurrence of family 
tuberculosis. 

Because of the intense interest in tuberculosis new theories as to its 
cause and treatment were continuously being advocated. Of these, the 
theory and treatment advocated by Brehmer are most deserving of com- 
ment. Brehmer claimed that tuberculosis developed because in not a 
few persons the heart was too small to supply the lungs with their proper 
nourishment rather than because of impure fetal blood. His treatment 
was directed largely toward correcting physical defects, and, as a muscu- 
lar weakness was presumed to exist, his basic principle was graduated 
exercise in the open air, with abundant nourishment, mental rest and 
contentment as secondary factors. His patients were urged to spend 
most of the day in the open, doing about as they pleased, but were 
cautioned not to fatigue the heart muscle,—excellent advice even to- 
day for cardiac cases. Brehmer believed that his treatment could be 
carried out more successfully in a sanatorium; so he established the first 
successful sanatorium in the world for the treatment of tuberculosis in 
Goerbersdorf in the mountains of Silesia in 1862. Because of its stimu- 
lating effect upon the heart, Brehmer considered altitude important. 
In common with the general opinion of his time, Brehmer believed that 
there were certain “immune” regions where tuberculosis would not de- 
velop, and that all sanatoria should be built in such locations. 

While his major premise, namely, that tuberculosis was due to a 
muscular defect, was wrong, and while the backbone of his treatment 
was supervised exercise in the fresh air, rather than supervised rest in 
the fresh air, it was nevertheless far ahead of anything recommended up 
to that time. To Brehmer belongs the credit of bringing the sanatorium 
treatment of tuberculosis to the attention of the world. 

A next great stride was due to two men, Peter Dettweiler, who first 
became a patient and later an assistant of Brehmer, in Europe, and 
Dr. E. L. Trudeau in America. Dettweiler, during his association with 
Brehmer, had ample opportunity to study many patients, and “his ob- 
servations on both himself and others convinced him that the consump- 
tive needed much more rest than one ordinarily assumed.”’ For instance, 
“He noticed that he felt better while resting in bed or in an easy chair 
than when taking walks, or drives in the open.” This convinced him 
that rest rather than exercise should be the corner-stone of the treatment. 
He believed that there were no “immune”? localities, and that altitude 
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had not much, if any, influence on the course of the disease. He claimed 
that where the patient was treated was not essential, but that how the 
patient was treated was very essential. 

Such a radical difference in views between director and assistant led to 
a separation, and accordingly in 1876 Dettweiler became the director of 
another sanatorium. His experiences and observations were paralleled 
in this country by Trudeau, who began his struggle against tuberculosis 
in 1872. After spending much time and energy in an unsuccessful search 
for health in various parts of this country, he finally returned to the 
Adirondacks to spend the rest of his life in the country he had learned to 
love during vacation periods of his student days. Instead of dying, 
Trudeau began to improve, and with his improvement began to spend 
much of his time in the open. He loved to hunt and to fish; but, to use 
his own words, ‘“‘I found, however, I could not walk enough to stand 
much of a chance for a shot without feeling sick and feverish the next 
day, and this was the first intimation I had as to the value of the rest 
cure which, in after years, I applied so thoroughly and rigidly to my 
patients. I walked very little after this and my faith in the value of 
rest became more and mors fully established. ”’ 

The sanatorium treatment of tuberculosis, as advocated by Brehmer 
and Dettweiler, was proving itself more and more worthy of general 
acceptance, when in 1882 Koch announced the discovery of the tubercle 
bacillus. Because of the success of vaccination against smallpox, anth- 
rax, and other diseases, this discovery stimulated the scientific world to 
search for a specific for tuberculosis, either through the use of drugs or 
some type of vaccine or serum. This enthusiasm forced Koch to an- 
nounce, perhaps against his better judgment, that in tuberculin he had 
discovered the long sought-for cure. But unless Calmette’s new BCG 
proves an exception, tuberculin has failed. However, BCG is entirely 
a prophylactic substance and not a method of treatment, and as such 
is fed to uninfected infants. The vaccine is prepared from weakened 
living tubercle bacilli, which have been grown on special media for over 
thirteen years, and while these bacilli are alleged to have lost their power 
to produce tubercles they are said to be able to stimulate the protective 
powers of the body without producing disease. The results reported by 
Calmette are exceedingly encouraging. He and his co-workers claim 
that the mortality among 1,200 babies vaccinated from one to two years 
prior to June, 1926, was only 1 per 100 for those children under one year 
of age, while the mortality among a group of unvaccinated children of 
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the same age and under general living conditions was 25 per cent. It is, 
however, far too early to estimate the value of this vaccine and the 
duration of the immunity conferred by it. 

To date, all attempts at finding a drug specific for tuberculosis have 
failed. Even the ‘Gold Cure,” so widely heralded a year or two ago, 
has proved of doubtful value. A careful study of the reports of the 
results of the use of Sanocrysin has revealed that no more cases have 
recovered through its use than have recovered through the use of bed- 
rest, and possibly not as many. 

Of all the cures which have been advocated for tuberculosis, ‘‘rest 
alone has stood the test of time,’”? and whatever advances have been 
made in the treatment of tuberculosis have been based upon the use of 
rest. Even heliotherapy, which has proved so beneficial in the treatment 
of extrapulmonary tuberculosis and which is now being used to a limited 
extent in pulmonary tuberculosis, is combined with bed-rest during the 
greater part of its course. I believe it is safe to say that without rest 
heliotherapy would also fail. 

But what does rest mean in the terms of ordinary sanatorium treat- 
ment? Does it mean the same to all sanatorium physicians? Does it 
mean the same to-day as it did twenty-five years ago? Rest, in the 
ordinary sanatorium sense, means rest in bed or in a reclining chair. 
Many years ago this type of treatment was recommended only when there 
were signs of activity as determined by symptoms alone. When we 
began to use X-ray plates we soon learned that tuberculous lesions 
could be quite extensive and still be symptomless. This explains why 
the former standards were so unsatisfactory. 

Nowadays many sanatoria are using bed-rest for every patient, symp- 
tomless or not, and are now using the extent of pathological change, as 
shown in X-ray plates, to determine when bed-rest should be discontin- 
ued. In cases of extrapulmonary tuberculosis, as, for instance, tuber- 
culosis of a joint, the joint is kept fixed, or at rest, for long past the time 
when it has become symptomless, and long past the time when the pulse 
and temperature of the patient have become normal. (In fact, it is 
customary to continue fixation of the joint until, in the opinion of the 
surgeon, no further improvement can be expected under complete 
fixation or rest. Then and then only does he begin some other type of 
treatment. The length of time a joint is kept at rest under that standard 
will then vary for each individual case,—one joint may need three months 
of complete rest, another will demand six months’ complete rest, and 
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still another will require a year or more of complete rest.) As tuber- 
culosis is tuberculosis wherever it occurs, and as it is always cured by 
fibrosis, calcification or absorption, wherever it is located, it should 
always be treated in the same general manner, irrespective of what 
organ is diseased. One should therefore demand just as rigid standards 
for the treatment of pulmonary tuberculosis as are demanded by the 
surgeon for the treatment of tuberculosis of a joint. If rest permits the 
formation of fibrosis, calcification or absorption more rapidly than any 
other type of treatment, and we have ample proof that it does, it would 
seem logical to continue it as long as fibrosis, calcification or absorption 
is going on. While it is possible to obtain complete fixation of a joint, 
or rest of the joint, it is impossible, with ordinary sanatorium treatment, 
to obtain complete rest of the lungs, as they have to move continuously 
to sustain life (about 25,000 times in 24 hours), and still we expect to 
cure pulmonary tuberculosis. The wonder of it to me is that we do 
cure it. However, certain positions of the body require less energy to 
sustain life than do other positions of the body. It would then seem 
natural to place the body in that position which will reduce pulmonary 
movement to a minimum consistent with maintaining life. This posi- 
tion is bed-rest. 

Lincoln was asked how long a man’s legs should be, and he replied, 
“Long enough to reach to the ground.’”’ Some one asks, “‘How long 
should bed-rest be used in the treatment of pulmonary tuberculosis?” 
The answer is, ‘‘ Until fibrosis, calcification or absorption ceases.”” When 
it ceases and that, of course, is to be determined by X-ray plates and 
not by symptomatology, then and then only is the time to begin exer- 
cise. In other words if the patient is improving in bed why change the 
treatment before improvement has ceased? It is better to leave well 
enough alone. According to Stewart, if six months’ rest in bed has 
some effect upon the frame and figure and symptomatology of the patient, 
maybe another six months’ rest in bed will have a like effect upon the 
tuberculous lesion. When, however, this stage in the treatment has 
been reached, exercise is just as important and necessary as was rest at 
the beginning. 

But, you say, if bed-rest over a long period of time is the corner-stone 
of sanatorium treatment of the present day, what about the early sana- 
toria: were they not really “‘shacks or lodges in the wilderness,” de- 
signed to care for only the early cases? Certainly bed-treatment could 
not be carried out there. If bed-treatment seems to be the best type of 


4 


226 ERNEST S. MARIETTE 


treatment for tuberculosis then the sanatoria should be changed, and be 
built more on the lines of hospitals. According to Stewart, the way to 
build a sanatorium nowadays is to build a hospital, and the way to build 
a hospital is to build a sanatorium, and the modern sanatorium should 
contain facilities for the treatment of at least 80 per cent of its patients 
by the infirmary or bed method. ‘ 

There is a certain proportion of cases, however, in which the rest de- 
scribed above will not be sufficient to produce an arrest of the disease, 
and for these cases more intensive rest is necessary. ‘This is secured by 
pulmonary collapse, which causes a partial or complete rest of the dis- 
eased lung, and which is induced by phrenicotomy, artificial pneumo- 
thorax, or thoracoplasty. 

According to Alexander, “This type of treatment is without doubt the 
most valuable contribution to the therapy of pulmonary tuberculosis 
since Dettweiler first introduced rest in 1870. Through it the most 
favorable conditional requirements for repair of the diseased lung are 
secured.” 

According to Krause, pulmonary compression by means of pneumo- 
thorax was practised by the Hippocratic School in the fifth century B.C. 
Except for an occasional worker, it seems to have been forgotten until 
its use was suggested again by Carson, following the discovery of the 
elasticity of the lung early in the nineteenth century. Carson believed 
that the elasticity of the lung was the greatest obstacle to healing of the 
diseased area because it kept the diseased tissues apart and in constant 
motion. He claimed that the lung would heal much more rapidly if the 
diseased areas could be kept quiet and the inflamed surfaces and cavity- 
walls brought together. He therefore concluded that a splint or some 
mechanical means should be employed to overcome the elasticity of the 
lung, and suggested pneumothorax. Although this type of treatment 
seemed very logical to Carson, it did not come into common use until . 
twenty or twenty-five years ago. This is greatly to be regretted, for 
without doubt at some time or other the majority of the consumptives 
who have died have been suitable cases for collapse therapy. Mani- 
festly, it should be the duty of every physician who is treating tubercu- 
losis not to let that period pass without grasping the opportunity. 

The results of collapse therapy are twofold: first, mechanical, that is, 
the lung is compressed, cavity walls are united, the diseased area is 
greatly reduced, and the formation of fibrosis is hastened; and second, 
physiological, or the removal of pus as shown by the disappearance of 
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constitutional symptoms, due, of course, to the fact that the contents of 
the lung are squeezed out in much the same manner as water is squeezed 
out of a sponge and cannot reaccumulate. This reduces absorption to 
a minimum, and in addition produces a stasis of normal lung moisture 
(that is blood and lymph). The exact effect of the compression on the 
blood-supply of the lung is still disputed. Brauer and others claim that 
the blood-supply is decreased during all types of collapse. Sauerbruch, 
on the other hand, claims that during moderate compression the blood- 
vessels are broadened and relaxed, so that a passive hyperemia results. 
This broadening and relaxing of the blood vessels is the foundation of 
Yates’s air-cell-capillary mechanism, which he claims is so necessary for 
a cure of tuberculosis, and is best secured by phrenicotomy. According 
to Yates, fibrosis is a rather late type of cure and is to be avoided if 
possible. As the flow of lymph in the lung is largely influenced by re- 
spiratory movement, it follows that pulmonary collapse will produce a 
stasis of lymph. This is in accord wih the findings of Gardner in his 
autopsies on pneumothorax and thoracoplasty patients. He found that 
the vessels near the hilum were compressed, while those at the periphery 
were dilated. This, that is, the pulmonary and lymph stasis, tends to 
check the autointoxication of the system by reducing the absorption or 
dissemination of focal products throughout the body. 

Thus, one might say that collapse therapy produces a “physiological 
amputation” of the lung and gives the body almost if not just as much 
relief as does the removal of any purulent area, such as in an appen- 
dicectomy or the draining of a badly infected sinus. 

Fibrosis is Nature’s method of curing tuberculosis, and, of course, 
counteracts the elastic tension of the lung. To me it is just another 
argument for the advisability of some type of mechanical means to over- 
come this elasticity, and is just another link in the chain of evidence which 
all points to the value of pulmonary collapse in the treatment of pul- 
monary tuberculosis. 

Phrenicotomy: The simplest, easiest, and safest type of lung collapse 
or lung compression is that secured by paralysis of the diaphragm through 
interference with the phrenic nerve, either by cutting, crushing, removing 
a section, or pulling it out or so called exairesis. Following the operation 
the diaphragm, unless it is bound down by adhesions, rises an inch or 
more into the thoracic cavity. As a result, the lung volume is reduced 
about one-third or one-quarter, and the extent of respiration is also 
diminished, due to the loss of the suction power of the diaphragm, and 
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the lung is partially at rest. This is accompanied by a negative intra- 
pleural pressure of minus 2 to 3 (about the pressure of a moderate pneu- 
mothorax) and by a pulmonary stasis or passive hyperemia. 

It is believed by some that this amount of rest and stasis will be 
sufficient to produce an arrest of the disease in certain cases, and that 
thus the dangers accompanying pneumothorax or thoracoplasty may be 
avoided. Even if the diaphragm is fixed and cannot rise into the thoracic 
cavity, some benefit will be derived from phrenicotomy because the 
respiratory activity of the lung is curtailed, and the latter can take very 
little, if any, part in respiration. Such a condition should have a marked 
effect on the likelihood of relapse. However, phrenicotomy alone in 
the more advanced cases, even though it may bring about definite clini- 
cal improvement, can hardly be considered sufficient for a pathological 
cure. Nevertheless, it certainly seems to be indicated in those cases 
in which pulmonary collapse is needed and the general condition of the 
patient is too serious to permit of pneumothorax or thoracoplasty, or 
the condition of the untreated lung would not warrant either operation. 
It seems also to be indicated in certain conditions of early tuberculosis, 
in which one does not feel warranted in subjecting the patient to so 
severe an operation as thoracoplasty or the dangers of pneumothorax, 
which will be discussed later. In considering the use of phrenicotomy 
in early cases one should remember that a certain proportion of them 
(15 to 20 per cent of our series) do not recover under prolonged bed-rest, 
and for these the amount of collapse and rest obtained by phrenicotomy 
might be sufficient to give some at least a chance for recovery. 

The chief value of phrenicotomy, however, seems to lie in its use as an 
aid to pneumothorax and thoracoplasty, in that it appears to increase 
the rest and compression of the lung obtained in these two modes of 
treatment. 

A double crushing of the phrenic nerve, provided the accessory phrenics 
are crushed also, paralyzes the diaphragm for about six months. If 
this paralysis is not of long enough duration to produce the desired re- 
sults, a section of the phrenic nerve and accessory phrenics may be 
removed or the entire nerve pulled out; the paralysis in this case would 
be permanent. As the majority of operators who are using pneumo- 
thorax feel that the treatment should be given over a period of a year 
and a half or two years, one cannot question the efficacy of a six months’ 
rest. It would seem more logical, if phrenicotomy is to be used, to 
employ the more radical method at once, rather than crush the nerve 
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and thus produce a temporary paralysis and subject patients to the 
possibility of a second or third operation. All of this, that is, the length 
of time pneumothorax is used and the rather questionable value of the 
temporary paralysis of the diaphragm, furnish only additional arguments 
for the continuation of bed-rest long past the period when the patient 
has become symptomless. 

Pneumothorax and thoracoplasty, the more commonly used forms of 
lung compression, tend to accomplish the same results but in a little 
different way. Pneumothorax is the generally accepted procedure and 
will be discussed first. 

Artificial Pneumothorax: Artificial pneumothorax consists of com- 
pressing the diseased lung by means of air injected into the pleural 
cavity. Normally the pleural membranes are smooth and glistening, 
and during respiration one surface slides over the other without friction. 
During an attack of inflammation, however, the two surfaces may become 
glued together and adhesions result. These adhesions may be so ex- 
tensive as to entirely obliterate the potential pleural space and thus 
prevent a collapse, or they may be localized and thus permit a partial 
collapse only. Because these localized adhesions so frequently interfere 
with the success of the pneumothorax, Jacobaeus, of Stockholm, Sweden, 
has developed a method of cutting them without an open operation. He 
uses a thoracoscope and an electric cautery, and merely makes two 
punctures through the chest-wall, one for the thoracoscope, and the other 
for the electric cautery. At first thought this would seem to have a very 
wide application, but because of the possibility of adhesions containing 
pulmonary tissue and of the danger of infection and a spread of the 
disease, that might result from the cutting of the contained pulmonary 
tissues, the method has been found to have a rather limited field. 
Within its limits, however, it has been exceedingly successful. It is not 
used much in this country, however. 

Methods of Use of Artificial Pneumothorax: Needless to say, the success 
of the treatment depends upon the condition of the “good lung” and 
upon a free pleural space. The “good lung” must be able to carry the 
extra load thrown upon it without danger of a breakdown. Through 
the pneumothorax a gradual compression is produced, which results in 
a gradual increase of the strain on the “good lung.” In addition, the 
pneumothorax may be discontinued at any time, should the “good lung” 
go bad. In producing this gradual compression, small amounts of air 
are injected every other day at the beginning of the treatment. Gradu- 
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ally the interval between treatments, as well as the amount of air injected 
at each treatment, is increased, until the treatment is given every two or 
three weeks. Some patients can go a month or more between treatments. 
The average duration of pneumothorax treatment is from two to three 
years. In some cases the pneumothorax has to be kept up for ten or 
fifteen years, or, in extreme cases, for even the rest of the patient’s life. 
(If it is necessary to continue localized or intensified rest for such a long 
period of time, what right has any one to recommend the discontinuance 
of bed-rest in pulmonary tuberculosis and the beginning of exercise after 
the pulse and temperature have been normal for a week or more? Cer- 
tainly the length of time, over which pneumothorax is continued after 
the patient has become symptomless, is the best argument for the use 
of prolonged bed-rest long past the period when a patient has no more 
symptoms. ) 

Results of Artificial Pneumothorax: A good pneumothorax produces 
astonishing results in certain patients, and enables the individual to 
accomplish in a few months what could only have been accomplished 
after years of ordinary sanatorium treatment, or perhaps never. A 
sick, toxic patient is usually rendered symptomless in a comparatively 
few weeks, and the results seem almost miraculous to him and his friends. 
Of course, he is then in danger of overdoing, and thus nullifying the 
benefit he has derived from pneumothorax. The complications of pneu- 
mothorax are air embolism, pleural shock and pleural effusion. The 
first two, while dramatic when they occur, are comparatively rare. 
Pleural effusion, however, occurs in almost 50 per cent of the cases of 
pneumothorax (44 per cent within one year in our cases), and therefore 
is a rather common complication and must be considered as a factor in 
the treatment. It is usually serous at first, and may absorb without 
affecting the course of the pneumothorax, or it may become purulent 
and develop into empyema. If this occurs the pleural space must be 
obliterated, and a thoracoplasty becomes necessary. Even with all of 
its dangers and failures Riviere claims that ‘no more hopeful ray of 
sunshine has ever come to illumine the dark kingdoms of disease than 
that introduced into the path of the consumptive through the discovery 
of artificial pneumothorax.”’ 

Thoracoplasty: The last and most radical method of producing lung 
collapse is the operation known as extrapleural thoracoplasty. At present, 
by common consent, it is reserved for those cases in which pneumothorax 
is impossible, or when for any reason it seems advisable to discontinue 
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pneumothorax before the lesion is considered healed. The literature 
seems to indicate that from 3 to 5 per cent of all patients are suitable 
subjects for surgical collapse. Extrapleural thoracoplasty leaves a 
permanently functionless lung and therefore one should be very particu- 
lar about the condition of the “good lung” before recommending it. 

The operation of choice is known as the posterior operation, and should 
be done in not less than two stages, with an interval of two to four weeks 
between each. As the shoulder-girdle is not touched, practically no 
deformity results, and thus, when the patient is dressed, it is impossible 
for any one to tell whether a thoracoplasty has been done or not. This 
operation does not remove the diseased area, but merely produces rest of 
the diseased lung through the removal of a portion of all of the ribs but 
the floating ribs, and leaves the completion of the cure to Nature. There- 
fore, an extrapleural thoracoplasty cannot be considered a cure-all as 
can an appendicectomy, but should be considered only an incident in the 
long medical treatment of tuberculosis. Because a tuberculous indi- 
vidual needs different postoperative care than does a normal individual, 
and as this special care can best be given by a physician thoroughly 
versed in tuberculosis, some consider that better results can be obtained 
if the patient is operated on at the sanatorium rather than at a general 
hospital. 

It is claimed that the operation is brutal and mutilating, and produces 
great shock, and is a heavy surgical risk. To date we have had 36 
thoracoplasties at Glen Lake Sanatorium, and, while it is a little early 
to talk about the results of some of our cases, still from our experience 
we feel that the operation is not mutilating, that it is not any more 
shocking to the individual than any other type of major surgery, and 
that with the proper selection of cases the surgical risk is no greater 
than in any other major operation. About 65 per cent of our cases have 
been definitely improved or cured. 

The chief danger lies in the rapid compression of the lung and the 
consequent sudden squeezing out of so much tuberculous material, and 
the sudden increase in the ‘‘load”’ put upon the “good lung.” If there 
is any latent disease in the untreated lung, it must be carefully observed 
or it may become active again. This is an additional argument for 
close codperation between the physician and the surgeon. 

Most remedies, previously recommended in tuberculosis, have been 
recommended for the early case, in which the diagnosis might have been 
in doubt and there is a very excellent opportunity for recovery. Collapse 
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therapy on the other hand is recommended for the more advanced case 
when other methods have failed and the patient is certainly doomed 
to die without it. A certain proportion of such cases, varying from 50 
to 60 per cent, have been restored to full working capacity. Iam sure 
that you will agree with me that, considering the types of cases recom- 
mended, these results are exceedingly gratifying. 

Heliotherapy: The next and last topic for discussion under the recent 
advances in the treatment of tuberculosis is heliotherapy. This was 
very ably discussed in detail before your group last year. I shall do no 
more than call your attention to it again. 

General solar radiation was described by Herodotus (484 to 425 B,C.) 
and was employed by the Greeks and Romans, who built solaria on their 
homes and terraces. It was then forgotten until the beginning of the 
nineteenth century, when the French revived it for cases of arthritis. 

Modern heliotherapy owes its origin to Rollier, a surgeon who became 
dissatisfied with the results of the surgical treatment of tuberculosis, 
and who in 1903 established the first sanatorium for heliotherapy at 
Leysin, Switzerland. He developed a very careful technique, which, 
with certain modifications, is generally used to-day. The body is divided 
into zones, and a progressively graduated dosage of sun is given. The 
sun schedule is, of course, to be considered only as a basic schedule, and 
must be individualized in each case. All precautions against overdosing 
must be carefully observed or toxic symptoms, such as nausea, headache, 
dizziness, and elevation of pulse and temperature, will result. 

After years of experience Rollier reported as follows: “The cure of 
surgical tuberculosis in all its forms, all its stages, as well as at every age 
of life, can be accomplished. The closed surgical lesion always heals if 
one will only have a little patience and above all if one understands how 
to keep it closed.” 

Various types of lamps, rich in ultraviolet rays, have been devised in 
an attempt to carry on the treatment during the winter and on cloudy 
days. While all of these lamps are fair substitutes for the sun, they are 
not to be considered in any way equal to it, and should never be substi- 
tuted for it. 

Although heliotherapy was developed for cases of surgical tuberculosis 
it has, within the last few years, been used to a limited extent in cases of 
pulmonary tuberculosis also. And why should it not be? If tuberculo- 
sis is the same wherever it occurs, then the treatment which is so benefi- 
cial for one type of tuberculosis should be equally beneficial for the other. 
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That is, if rest in bed and the sun’s rays are good for one type of tuber- 
culosis they should be equally good for another type. If they are not, 
then the method of applying them is wrong, not the treatment. 

Approximately one-third of our adult cases receiving heliotherapy are 
pulmonary. The chronic, fibroid cases receive about the same treatment 
schedule as the extrapulmonary cases. But, for the more active cases 
the sun dosage is increased more slowly, and the chest is kept covered 
until after the fifth day of exposure. If, after uncovering the chest, 
there is an unfavorable reaction the chest is again covered. We have 
not found that it has led to hemoptysis, even in those patients with a 
history of frequent hemorrhages. We have found, however, that in 
selected cases heliotherapy is very beneficial in pulmonary tuberculosis. 
We believe that as we learn more about heliotherapy we will be able to 
extend it to include still different types of tuberculosis. 

Ambroise Paré was wont to write at the end of his case records, ‘‘I 
dressed him and God cured him.”’ If Paré was treating tuberculosis 
to-day he could very well write after many more of his cases than he 
could in his time, ‘‘I have learned how to treat them better and God 
still continues to cure them in greater numbers;” for certainly to-day 
Science is working hand in hand with Nature in the judicious use of bed- 


rest, collapse therapy, and heliotherapy through themedia here discussed, 
to give the consumptive the best chance for recovery he has ever had in 
the history of the world. 


In preparing this address I have drawn material rather freely from 
Medicine in the 19th century, Osler. 
Microbe Hunters, DeKruif. 
Surgery of pulmonary tuberculosis, Alexander. 
The pneumothorax treatment of pulmonary tuberculosis, Riviere. 
The sanatorium and its community, Stewart, Bulletin Minnesota State Board of Control, 
December 8, 1926, xxvi, no. 2. 
A treatise on pulmonary consumption, Clark, 1833. 
The cure of pulmonary tuberculosis by rest and exercise, Kinghorn. 
On Consumption, McDowell, 1843. 
Heliotherapy, Rollier. 
Heliology and Heliosis, Webb, Journal Outdoor Life, xxiv, no. 2. 
In the quest of the cure, Amberson, Ibid., xxi, no. 7. 
The Harvard classics, vol. xxxviii. 
Localized rest in the treatment of pulmonary tuberculosis, Mariette, Amer. Rev. Tuberc., 
1925, xi, no. 1. 
The significance of vital capacity in intrathoracic therapy, Yates, Arch. Surg., 1926, 
xii, 257. 


THE ERADICATION OF TUBERCULOSIS 


WITH SPECIAL REFERENCE TO ITS EARLY DIAGNOSIS! 
JESSEN? 


The struggle against tuberculosis, conducted now for many years all 
over the world, has led to fairly good results; nevertheless, the slightest 
alteration of general conditions of living may very rapidly increase the 
number of victims of the disease. All this was learned from the experi- 
ence of the war, which teaches us that what has been done against tu- 
berculosis during the last thirty years is good, but it is not enough. To 
a very high degree, the tuberculosis problem is not only one of the pathol- 
ogy of the disease but, much more, one of social conditions. In trying 
to determine the best attack against this plague, we must keep distinct 
the prophylaxis against exposure to infection and the prophylaxis of the 
individual health. 

The prophylaxis of exposure to infection is subject to an amelioration 
of general hygienic conditions. Here, most important items are pro- 
vision for the poor and for newly delivered women and their babies, 
, Places of recreation for the inhabitants of large cities, general bathing 
institutions, open-air schools, gymnastics and sports, the hygiene of 
schools and the improvement of dwelling places, and especially the 
reduction of alcoholism and venereal disease. Everything that has been 
done in these directions must be conserved and developed to a still higher 
degree. 

In eradicating disease in the individual, two points are to be remem- 
bered. ‘The first is to improve the human constitution; for we must not 
forget that tuberculosis is not only an infectious disease but its spread 
depends also upon the soil on which the germs of infection fall. 

In the combat against disease of the individual, most of the struggle 
up to the present has been waged on cases of open tuberculosis. In my 
opinion, we should divide the development of tuberculosis into three 
stages: (1) the tuberculous inflammation of tissue, (2) the destruction of 


1 Presented at a session of the Clinical Section at the twenty-second annual meeting of 
the National Tuberculosis Association, Washington, D. C., October 7, 1926. 
2 Davos, Switzerland. 
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tissue, that is, necrosis, consequent to this tuberculous inflammation, 
and (3) the communication of the areas of necrosis with the surround- 
ings or environment of the invalid. 

In general, treatment is apt to begin after the necrosis has been found, 
but it should start during the stage of tuberculous inflammation and, 
in any case, before the disease has arrived at the third stage designated. 
If we can put an end to the tuberculosis before communication is struck 
with the environment of the invalid, we close up the sources for many 
other fresh cases of infection. 

How can we arrive at such an end? 

I believe that the only way is to start with the general control of the 
population. I cannot see why a difference should be made between the 
struggle against other plagues, such as cholera and bubonic plague, and 
that against tuberculosis. 

If it would be possible to control the general population, and to pick 
out the beginning tuberculosis and treat it, we could prevent the develop- 
ment of open cases. Moreover, in the same attempt, the open cases 
would be detected and treated and, to a certain extent, converted to 
closed cases. Since tuberculosis is, characteristically, a chronic infection, 
with frequent relapses, such methods of general control would involve, 
not single examinations, but examinations that should be repeated yearly. 

There are not a few groups of a population which could be reached 
with comparative ease; for example, the children in schools, the workmen 
in factories, the employees in public institutions, and soldiers and sailors 
in the army and navy. People who are sick with more advanced disease 
should be put into hospitals and sanatoria and be treated there. I would 
even suggest that all unilateral cases with tissue destruction might under- 
go surgical treatment, not merely with the idea of curing them, but 
especially with the intention of closing the communication of a smaller 
or larger cavity with the outside. Dirty and careless people should be 
isolated. 

The idea of putting the general population under control was first 
published by Unverricht. I believe that control is not enough, but there 
should be general treatment in addition. To bring these ideas into 
reality, it would be necessary to instruct the general public about tuber- 
culosis better, and particularly why this method of combating tubercu- 
losis is necessary. Of course all school children should be instructed in 
a popular way before they leave school, and the subject should be con- 
tinually developed before all other associations of people. Besides this 
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education of the general public, it would be necessary to give better 
instruction to medical men than has been done up to now. While there 
has been great progress in this respect during the last ten years and while 
the general knowledge of the onset of tuberculosis is far better than it was 
a decade ago, the latter is still insufficient, and in every medical school 
there should be special lectures on tuberculosis and particularly on its 
early diagnosis. 

It is not permissible for the physician to wait until he can hear “dry” 
or ‘‘moist” rales in the lungs or until he can find tubercle bacilli, before 
he makes the diagnosis of tuberculosis, The beginning of clinical tu- 
berculosis, corresponding to the first stage named above, means that the 
tuberculous inflammation can be found far earlier, not only by radiog- 
raphy, but by clinical observation as well. We must all remember that 
there is really no form of tuberculosis that is not started in the lungs, and 
that therefore, when we have a patient with symptoms that are suspicious 
of tuberculosis, we should always examine the lungs. Even at its be- 
ginning the primary A ffekt of tuberculosis produces very characteristic 
alterations in the body as a whole, and modern radiography can only sub- 
lime that diagnosis which we make after exact clinical observation. 

Above all, we should absolutely avoid the diagnosis of ‘‘pretubercu- 
losis.” All symptoms which are apprehended under the term pretubercu- 
losis are not a warning that there will be tuberculosis but constitute a 
certain sign that there is already tuberculosis in the body. 

Very characteristic of latent tuberculosis is a fine red injection of the 
borders of the eye-lashes. This injection must not be confused with a 
chronic inflammation of the meibomian glands which can be found on a 
basis of tuberculosis and other conditions as well. Again, when the 
case is a little more advanced, one can observe a fine red injection of 
one or both cheeks that is characterized by its very sharp border. This is 
produced by toxic irritation of the sympathetic nerve or by compression 
of the nerve. If we find it on only one side, we can say with absolute 
surety that with other methods we will find a tuberculous process in the 
lungs of the corresponding side. In case this injection has a cyanotic 
tinge, the activity of the disease must be taken as being very high. 

If, on one or both sides, there is an atrophy of the trapezius muscle, 
we can also say that there has been an active tuberculous process or that 
one still exists. It is a merit of Pottenger to have first spoken about this 
atrophy. Tuberculous intoxication causes a neuritis of the muscles, 
which was found forty years ago by Eugene Fraenkel in the ocular 
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muscles of phthisical cadavers. The intoxication sometimes produces, 
by its action on the muscles of the thorax, the form of thorax which has 
been named thorax paralyticus, and has been regarded as evidencing a 
predisposition toward tuberculosis. In reality, the thorax paralyticus is 
a symptom of a very severe tuberculous disease of the past or of one still 
existing. 

In many children we find the deformity of the thorax with round back. 
This round back is generally treated by orthopedic means. On the other 
hand, in examining these children we aiways find active primary A ffekts 
of tuberculosis, and the round back is treated best, by far, by specific 
antituberculosis therapy, with which we may, to be sure, combine general 
hygienic or gymnastic treatment but not orthopedic measures. 

As the first symptom of active tuberculosis, we very often find that 
children tire very quickly during their lessons. If they are intelligent 
enough, we may often hear from them that they feel the toxic inundation 
as a sensation of heat in the head followed by inability to concentrate. 
Frequently this symptom is not constantly present, or is one day more 
and the next day less pronounced. The basis for it lies in a dilatation of 
the blood-vessels produced by intoxication. These children are accus- 
tomed to find their progress in school more and more difficult, and very 
often they are treated or, one had better say, tortured by special extra 
lessons. Of course, all this is quite wrong; on the contrary, they should 
be taken out of school and treated for their illness. Even among adults 
I see, not rarely, the same type of case; for instance, intelligent young 
men not being able to pass their examinations on account of periodic 
cerebral intoxication by the poisons of tuberculosis. An abnormal de- 
gree of intelligence can also be a reason for suspicion. 

Sometimes the first symptom of tuberculosis is an alteration of charac- 
ter. The patient becomes melancholy, or very irritable, or submaniacal, 
or he grows very restless. It is very interesting to see how tuberculosis 
aggravates or exaggerates one’s original character in its leading outlines, 
or to observe how the healing of tuberculosis, with the disappearance of 
the intoxication, conduces to the return of the old original normal state 
without exaggerations. 

Another first symptom of active tuberculosis is loss of weight and loss 
of hair. If the physician cannot find a definite hyperthyreosis or. local 
disease of the skin he should think of tuberculosis. Sometimes these 
patients suffer from acne vulgaris or pityriasis. It is certain that these 
skin diseases are produced by staphylococci or other germs; but besides 
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the infection with these germs, the soil, which means the skin, can be 
prepared by the intoxication of tuberculosis and adapted for the develop- 
ment of these skin diseases. The best evidence that we may be correct 
in this opinion is furnished by the observation that not a few of these 
skin alterations disappear without any local skin treatment and upon 
the closing of the absorption of tuberculous poisons by means of ordinary 
pneumothorax. 

Some cases have a yellow or, as it seems, an anemic color. Examina- 
tion of the blood shows that there is no anemia. If such a patient is 
treated and loses his tuberculous intoxication, his color becomes ruddy 
and normal without treatment for anemia. 

There are other patients with tuberculosis whose first symptom 
appears with cardiac disturbances. These patients suffer from dilatation 
of the heart. Their blood-pressure is generally very low, and their faces 
change color without reason. Sometimes they suffer from perniones 
which appear during the heat of summer. These symptoms can be 
produced by compression of the vagus by enlarged tracheobronchial 
lymph nodes or by direct intoxication of the myocardium or blood-vessels. 

Sometimes tuberculosis begins with evidences of debility and with 
profuse sweating under the arms. The night-sweats are very well 
known, but there are some cases which do not sweat during the night, 
but only under the arms. This sweat can have a specific odor, and the 
physician who knows its character may make a diagnosis from this odor 
alone. It is of course necessary that the patient have this sweating of 
the arm-pits without exertion, if it is to be a useful diagnostic point. 

All such general symptoms as loss of strength, debility, tiredness, 
headache, general ill feeling, and sometimes neuralgia, may lead one to 
think of the likelihood of tuberculosis. More than fifty years ago Louis 
published that tuberculosis can begin with pains in the thigh. To-day, 
when we know about the existence of neuritis on a basis of tuberculosis, 
and especially since the work of Steinert, we are not astonished to hear of 
such a thing. 

Another first symptom of active tuberculosis can be gastric trouble, 
appearing with hyperacidity or with anacidity. Such a patient is not 
uncommonly treated by a stomach specialist; but he has his gastric dis- 
turbances again and again until the right diagnosis is made, when they 
disappear merely after the treatment of his tuberculosis and without diet. 
The same thing may be said about cases with chronic diarrhea, produced 
not by a real tuberculosis of the intestines but by an alteration of the 
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secretions of the stomach, or by the absorption of the poisons of tuber- 
culosis and the excretion of mucus of the bowels. 

In cases of dysmenorrhea and menorrhagia one should always think 
of the likelihood of their dependence upon tuberculous infection of the 
body. 

Most important for diagnosis of beginning tuberculosis is a short dry 
cough, especially during slight movements, walking slowly, etc. A pa- 
tient is then very frequently treated for pharyngitis. When we find the 
pharynx in good condition, or when a brief treatment of the pharynx and 
larynx does not make the cough disappear, one should look for incipient 
tuberculosis of the lungs or tracheobronchial lymph nodes. 

When, now, we find one or many of these symptoms, and we try to 
detect the site of the tuberculosis, we should remember that nearly every 
tuberculosis starts with tuberculosis of the lungs. 

It is not enough to look for great changes on percussion or auscultation. 
On the contrary we must do our best to find even the slighest alterations, 
and this is possible only through the use of very fine and soft percussion, 
finger on finger. Sometimes the resistance to touch is a better guide 
than a difference in sound. In auscultation, I should let the patient 
breathe superficially as well as deeply, and have him cough a little before 
very deep inspiration, so as to produce movement in the moist or necrotic 
processes in the lungs. The examiner must always remember that there 
are many seriously phthisical people with cavities, yet without a single 
adventitious sound produced during auscultation. Such a condition may 
exist because of thickness of the pleura or because we examined in a mo- 
ment when the cavity was empty. If the sound produced by percussion 
has a tympanitic quality, it is certain that we are above an abnormal 
density of tissue and there is a propagation of sound toward the abdomen. 
Even a very small accentuation of sound will be confirmed in the form of 
a focus on the X-ray plate. I think it rather important to examine also 
the changes of loudly spoken vowels, and if we find changes it is certain 
that the lung tissue is altered. I believe this procedure better than the 
examination for fremitus. It should not be forgotten that pleurisy 
always means a secondary disease, with its origin in tuberculosis or some 
other infection, and that every pleurisy furnishes a reason to try to find 
the primary focus in the lungs, which will most frequently be tuberculous. 

For the expert. physical examiner the X-ray plate is not absolutely 
necessary in diagnosis. Nevertheless, it is always the best method of 
furnishing visible evidences that we have been right in the diagnosis of 
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pulmonary changes, or to convince another sceptical physician or parent 
who perhaps believes that we have been proceeding in the dark. How- 
ever, we should never form a judgment from the X-ray plate alone; for 
in the case of a patient who is perfectly healthy we can, on occasion, see 
the picture of severe miliary dissemination on the plate, or in the case of 
a very ill patient we can observe very slight alterations. In case of 
doubt, we must always put more weight on clinical observations than 
upon the X-ray plate, but the best in diagnosis is to combine clinical 
examination with the X-ray. On the other hand, I must say that radio- 
scopy is of no value for our purpose. It is sufficient only in cases with 
extensive disease. X-ray plates and X-ray plates are by no means the 
same. Very hard tubes can make cases appear worse than the reality, 
just as soft tubes and incorrect exposures can make many pathological 
changes disappear. 

After our examinations disclose deviations from the normal, we may 
not stop, but we must determine whether the alterations are evidences 
of past disease or of an active process; and—very important—we must 
always remember that there are other diseases producing similar symp- 
toms, while we may never forget that these symptoms very often mean 
tuberculosis. In addition to all the above-named symptoms, the tem- 
perature now becomes a good guide. If we find the mouth temperature 
higher than 36.9° and a rectal temperature, at rest, of higher than 37.2°C., 
we must conclude that the temperature is not normal. It is character- 
istic of purely tuberculous infections that slight elevations of temperature 
appear at noontime. Elevations only in the evening are, in my opinion, 
symptomatic rather of infection with other microbes. In such cases 
with higher temperature in the evening, there can, of course, be tubercu- 
losis with secondary infection. 

In diagnosis the specific cutaneous tests, such as the Pirquet test, are 
of doubtful value, because practically all adults will react positively and 
very ill patients negatively by reason of their anergy. Although we have 
had a large experience with serological methods, such as those of Matefy, 
we have not had reliable results with them. Fahraeus’s sedimentation 
of erythrocytes seems to be more promising. When a patient has posi- 
tive sputum, it is not an incipient tuberculosis. There are some cases, 
which seem to be without expectoration, yet which, in reality, have a 
very small quantity of sputum from time to time. In such cases it is a 
good manoeuvre to take a little cotton and swab out a little mucus from 
the larynx, and then examine the cotton by a good method. In my 
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judgment, the Spengler or Kronberger method is far better than the old 
Ziehl one. At present I use a method of staining tubercle bacilli and 
elastic fibres on the same slide, and this procedure gives still better re- 
sults. Not rarely we find tubercle bacilli in an apparently closed case 
by examining these cotton swabs of the larynx. The method was pub- 
lished some thirty years ago by a Danish physician, Blume, and has now 
again been published in the United States by Szucs, who had apparently 
no knowledge of Blume’s publication. 

It is the constitutional symptoms that must lead us to endeavor to 
examine every patient with the greatest care. Constitutional symptoms, 
or, in one word, tntoxication, are the only thing which can show us whether 
an abnormal state is produced by active or inactive tuberculosis. If a 
patient has evidences of intoxication we must lay much weight upon the 
slightest clinical alteration. If there is no intoxication, we may take 
even rather extensive clinical alterations of the lungs as the consequences 
of a healed process. 

In my opinion, only a thorough knowledge of all features which I have 
touched upon can lead us to observe beginning tuberculosis. In the 
average case tuberculosis is found only when in the second stage above 
mentioned. We must make the diagnosis during the first stage. If we 
find the beginning tuberculosis we can treat it, and by treating the begin- 
ning tuberculosis we can avoid the development of open tuberculosis 
and, in this way, the spread of the plague. To repeat, a struggle against 
open tuberculosis is not enough, and it begins far too late for an effective 
method against the disease. 

It is certain that my views, when compared with the hard realities of 
life;-have to a degree a utopic character, but you will never come to a 
highend if you do not bring with you a high aim. 
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Bertram Boward laters 
1867-1927 


Bertram Howard Waters died in the Presbyterian Hospital, New York 
City, May 9, 1927. For a year or more previously failing health had 
been his lot. Not many knew the seriousness of this because he was of 
the type that endures silently. Had he unburdened himself of his tasks 
sooner, his suffering might have been less acute and his days longer. 
But his thoughts were directed more by other things,—things that in his 
mind were always more important than self,—devotion to his wife and 
child and sense of responsibility in the affairs of Loomis Sanatorium. 
Habits, so established, often do not conduce to good health; and in 
Waters’s person they opened the way to pulmonary tuberculosis, which 
apparently for some time had been lurking in wait for the break in resist- 
ance. Whether or not the disease was acquired in the line of duty none 
cansay. All that is sure is that he fell prey to and was done to death by 
the malady to which for years, by giving his time and his talent, he had 
proved a worthy foe. 

The years of preparation for his career began at Princeton University, 
where he was graduated in 1889. He took his course in medicine at the 
College of Physicians and Surgeons, Columbia University, receiving his 
degree in 1893. His interne service in the Presbyterian Hospital, New 
York, was from 1893 to 1895. He then devoted three years to the study 
and treatment of eye diseases. In 1898 began a service of nineteen 
years in the New York City Department of Health. Starting as assist- 
ant bacteriologist in the Division of Communicable Diseases, he later was 
placed in charge of the diagnostic laboratory. On the formation of the 
Bureau of Preventable Diseases he was made Chief of the Division of 
Tuberculosis, in which capacity he became Director of Tuberculosis 
Clinics and of all other tuberculosis activities of the department. He 
was then appointed Director of the Bureau of Preventable Diseases. 
Upon the death of Herbert Maxon King, Physician-in-Chief of the 
Loomis Sanatorium, in 1917, Waters was invited to take the post made 
vacant. He accepted, and spent the closing decade of his career there. 
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Waters went to Loomis with a deep reverence for the accomplishments 
of its past and high aspirations for its future. He conceived the ideal 
function of the Sanatorium to be the care of the sick, the education of 
students and physicians, and the creation of new knowledge about tuber- 
culosis. In all these directions his striving brought success, although of 
varying degree, chiefly because of the necessity of meeting changed 
economic conditions during and after the war. The work and hopes of 
Loomis, of which he was so intimately a part, are best recorded in the 
twenty-fifth anniversary volume, published by the Sanatorium in 1921, 
and in the special Loomis number of the Journal of the Outdoor Life 
(June, 1926, xxiii, no. 6). He was constantly promoting the philan- 
thropic endeavors of the institution, and during his administration the 
Annex Division was enriched by the gift of two splendid buildings for pa- 
tients,—one from Mrs. William E. S. Griswold, in memory of her grand- 
father, Dr. Abraham J. Berry, and the other from the Standard Oil 
Company of New Jersey for its tuberculous employees. 

The chief strength of the man lay in his wide experience with tubercu- 
losis in its public-health and clinical phases, and in his administrative 
ability. This was brought to bear at Loomis Sanatorium with definite 
and telling effect. His plans and ideals were always “‘thought through” 
before being made a basis of action, a habit that reflected his deliberate- 
ness and conservatism. He possessed a cultivated sense of the propriety 
of things, which included fairness with his associates and subordinates. 
Like ‘all good executives he knew how to delegate responsibilities, and 
thereby command the best efforts of the members of his organization. 
He esteemed any zeal of his medical staff for original investigation, and 
generously provided support. In intelligent movements for the good of 
the community in which he lived he lent his thought and resources. In 
upholding what he rightly conceived to be the worthy dignity of the 
Loomis Sanatorium, he was thought at times to be aloof, forbidding and 
not easily approachable. But actually he was capable of deep feeling, 
though completely self-contained; his reserve had a genuine backing of 
modesty and good breeding; his withdrawal from certain activities was 
to read, to think and to plan; he had qualities of controlled enthusiasm 
and fellowship that were curtained from some by his innate reticence. 

Doctor Waters’s affiliations included the American Climatological and 
Clinical Association, the National Tuberculosis Association, American 


Medical Association, and the Princeton Club of New York. 
5. B. A., 
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THE INTERPRETATION OF CLINICAL PULMONARY 
TUBERCULOSIS IN TERMS OF ALLERGY! 


FRANCIS M. POTTENGER 


KOCH’S PHENOMENON 


No matter what phase of tuberculosis one may be interested in, 
whether clinical, laboratory, experimental or immunological, he should 
familiarize himself with the Koch phenomenon; for in the elaboration and 
accurate interpretation of this observation lies the understanding of all 
the reactions which take place between bacillus and host, after infection 
is once established. 

There is a tendency to look at this phenomenon in too narrow a sense, 
as though it had to do only with immunity as a principle. On the con- 
trary, as it affects immunity, or as it is a part of the immunity reaction, 
it affects the type, course and healing of every case of tuberculosis. 

The continuous interplay which takes place between the body cells, 
on the one hand, and the tubercle bacilli and their products during the 
course of clinical tuberculosis on the other, is governed by the degree of 
immunity present and is responsible for all of the variations in symptoms 
which occur during the course of this disease—for the acuteness, the 
chronicity, the death or the healing of the patient. 

The patient’s reactivity, as far as tubercle bacilli are concerned, is 
never the same after his body has once harbored tubercle; likewise, the 
course of the disease, when due to a first infection, is never the same as 
when due to reinfection. 

The difference between primary and subsequent infection was first 
observed by Koch and described by him as follows (1): 


When one inoculates a healthy guinea pig with a pure culture of tubercle 
bacilli, the site of inoculation closes as a rule and in a few days appears to heal. 
After ten to fourteen days, however, a hard nodule appears which soon breaks 
down and remains an ulcerating surface until the death of the animal. Quite 
different are the conditions when a guinea pig already suffering from tubercu- 
losis is inoculated. Animals which have been successfully infected from four 


1 Read at the forty-fourth annual meeting of the American Climatological and Clinical 
Association, White Sulphur Springs, West Virginia, May 19-21, 1927. 
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to six weeks previously are best suited to this experiment. In such an animal 
the small inoculation wound also closes at first; no nodule forms; but, on the 
next or second day following, a characteristic change appears at the site of 
inoculation. It becomes indurated, and assumes a darker color, which is not 
confined to the site of the injection but spreads to the surrounding tissues for 
one-half to one centimetre. In the next few days the reaction appears more 
marked and the skin becomes necrotic and finally sloughs. A flat ulceration 
appears which usually heals quickly without the neighboring lymph nodes 
taking part in the infection. Tubercle bacilli, when inoculated subcutaneously, 
also affect the skin of a healthy guinea pig and a tuberculous guinea pig differ- 
ently. Nor is this peculiar effect confined to living tubercle bacilli. It also 
occurs when dead bacilli are employed, whether they are killed by keeping them 
at a low temperature for a long time, as I tried at first, or by boiling, or by 
chemicals. 

After I had observed this particular fact I investigated it under every con- 
ceivable condition and finally proved that dead cultures of tubercle bacilli 
rubbed up and mixed with water could be injected under the skin of healthy 
guinea pigs in large doses without any effect beyond a local necrosis. (Those 
injections which were free from living bacilli were the simplest and surest means 
of producing necrosis.) Tuberculous guinea pigs, on the other hand, were 
killed by the injection of relatively small quantities of such killed cultures, in 
from 6 to 48 hours, according to the size of the injection. A dose insufficient 
to kill the animal might produce an extensive necrosis of the skin at the point 
of inoculation. If the emulsion was diluted so that it was only slightly opaque 
then the animal remained alive, and if the injections were repeated with inter- 
vals of one or two days intervening, a marked improvement in the condition 
took place; the ulcer at the site of inoculation would become smaller and 
finally heal, a thing which never occurred without such treatment. The 
swollen lymph nodes became smaller; the state of nutrition improved; and the 
disease process, if not too far advanced, and the animal was not going down 
rapidly with loss of strength, assumed a state of quiescence. In these obser- 
vations there is found a basis for a cure for tuberculosis. 


The part of this observation which forms the basis for the study of im- 
munity has received ample attention, but the part referring to the type, 
the course and the specific healing of tuberculosis has not received the 
attention that its importance warrants. 

Many early observers who repeated Koch’s experiments failed to con- 
firm them; but, fortunately, others were successful in so doing. The 
difficulty in confirming them is not surprising to us now, for the experi- 
ments for the most part were carried out with unmeasured doses of 
bacilli and doses which were far too large for the purpose. After much 
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work, however, the experiments were successfully repeated sufficiently 
often to establish them as a fact in the minds of a certain group of 
scientists. The full meaning of Koch’s phenomenon, however, is not yet 
grasped, and will not be until the subject of immunity in general is better 
understood, and the reactions of the patient toward his disease during 
the course of clinical tuberculosis are interpreted in terms of an immunity 
reaction. 

By the study of the difference in reaction of the body to primary 
vaccination and revaccination (2) and, further, by the discovery 
of the cutaneous hypersensitiveness of those infected by tubercle, as 
determined by the application of the cutaneous tuberculin test (3), 
Pirquet did much to revive interest in and to establish a basis for the 
interpretation of Koch’s original observation. 


ALLERGIC REACTION IN EXPERIMENTAL TUBERCULOSIS 


While the analogy between tuberculosis in experimental animals 
and in man has probably at times been drawn more closely than facts 
will warrant, they are nevertheless alike in many particulars. Factors 
which are particularly prone to cause error are the natural differences in 
susceptibility to infection, and tissue reactions, and the inability to pro- 


duce an infection in animals comparable to natural infection in man. 

However, certain facts derived from animal experimentation are of 
vital interest to the clinician in aiding him to understand clinical tubercu- 
losis in human beings. The numbers of bacilli used in the experimental 
dose is of prime importance, for the course of the infection is determined 
by it; and, in reinfections, not only the numbers but also the interval 
between doses, and likewise the degree of immunity present in the host at 
the time of the reinfection, alter the nature of the resulting process. 
These facts have been definitely established by the work of Koch (1), 
Léwenstein (4), Rémer (5) (6) (7), Hamburger (8), Trudeau (9) (10) 
(11), Krause (12) (13), and many others. 

A noninfected guinea pig will withstand large doses of bacilli without 
showing signs of illness except as infection develops; while the same 
numbers of bacilli will kill an infected guinea pig in from six to forty- 
eight hours. Small doses of bacilli in producing an initial infection 
set the machinery of immunization going, and sensitize all the cells of the 
body. If repeated they increase still more the hypersensitiveness, and 
so does each succeeding dose provided sufficient time has elapsed between 
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it and the dose preceding. In this way a high state of immunity can be 
built up, even in an animal so susceptible as a guinea pig (14) (12). In 
human tuberculosis the spread of bacilli, to form small foci, which usually 
takes place soon after infection occurs, serves the valuable purpose of 
increasing the immunity of the host without great danger of producing 
clinical disease. It is comparable to the infections produced by repeated 
small doses of bacilli in animal experimentation. 

Primary tuberculosis always shows a predilection for lymphatic 
tissue. No matter how bacilli gain access to the body tissues for the 
first time, they pass on with little hindrance and gain access to the re- 
gional lymph nodes (1) (12). This occurs because the tissues are not 
yet sensitized, and there is no allergic reaction on their part to oppose the 
progress of the bacilli. If the numbers of bacilli are not too great, they 
may, in large part, be detained in the lymph nodes until immunity has 
been established; after which they are hindered and may be prevented 
by the allergic property of the cells from spreading to other structures. 
If, on the other hand, the dosage in the primary infection is large, the 
bacilli may overcome all barriers, both the nonspecific and the rapidly 
developing specific checks, and escape from the primary focus and cause 
new infection in either adjacent or distant structures. 

Secondary tuberculosis, or that due to reinfecton, affords an entirely 
different picture, in which the lymph nodes take only a minor part. 
The real barrier against the progress of bacilli in the body is now the 
power of the tissue cells, generally by means of the allergic response 
which they have acquired through preceding infections, to set up a barrier 
against bacilli wherever met. The battle-ground is shifted from the 
lymphatics to the sensitized tissue cells throughout the body. 


ALLERGY AS APPLIED TO CLINICAL TUBERCULOSIS 


1. Infection: The first infection always occurs in a nonallergic indi- 
vidual; consequently there is no specific cellular reaction to oppose the 
spread of the bacilli until some days have elapsed. It develops in about 
three weeks, however, and then becomes a factor in modifying the further 
course of the infection. 

Primary infection with few bacilli establishes a lesion in the body; but, 
more than this, it creates a specific power of reaction on the part of 
the body cells, including those immediately surrounding the focus, which 
tends to prevent bacilli from escaping; and, failing in this, hinders their 
passage through the tissues and attempts to destroy them. 
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When the primary focus is caused by many bacilli, the germs not 
only pass quickly to the lymph nodes but they may pass beyond them 
before the cells become sensitized. They may rapidly make the entire 
circuit of the body, being detained here and there, and establishing foci 
in many tissues andorgans. This type of infection usually causes death 
of the host. 

When primary infection is once established, before it heals completely, 
repeated reinfectionsof nearby or even distant tissues usually take place. 
These, as a rule, are caused by few bacilli and heal, producing an ever- 
increasing immunity on the part of the host. By this means a high 
grade of immunity is often established, which serves as a competent 
protection for the individual against future endogenous or exogenous 
infections. 

2. Diagnosis: Koch was the first to recognize the diagnostic value of 
the allergic reaction. He had proved that noninfected animals would 
withstand large doses of bacilli, either living or dead, or of tuberculo- 
proteins (tuberculin) without reaction, but that infected animals would 
react with malaise, chills, fever, aching, and disturbance on the part of 
the circulatory and digestive systems to moderate doses, and were even 
killed within from six to forty-eight hours by large doses. 

Applied to the clinic, he announced that individuals who reacted with 
the above toxic syndrome to one dose of 10 mgm. of tuberculin, or a 
maximum dose of 10 mgm., attained after a gradual increase from 1 to 5, 
then to 10 mgm., should be considered as tuberculous. 

This dictum held sway until Pirquet (3) in 1907 discovered that the 
skin of- those suffering from tuberculosis was sensitized to tuberculin. 
This gave a simple, harmless method of applying the tuberculin test to 
large groups of people. The skin test was soon followed by the ophthal- 
mic test of Wolff-Eisner (15) and Calmette (16), the intracutaneous test 
of Mendel (17) and Mantoux (18) and the percutaneous test of Moro 
(19). It was at once recognized that the body tissues generally are 
sensitized by tubercle infection. Pirquet gave to this acquired power on 
the part of the cells the name Allergy, meaning altered reaction. 

It was soon seen that all who reacted to tuberculin were not ill; and, 
further, that small children possessed this allergic property toward tu- 
berculin; in fact, nearly all of those dwelling in cities were found to pos- 
sess it to some degree before they attained the age of fifteen years. 

This unexpected revelation showed that there was a difference between 
tuberculous infection and tuberculous disease. The interpretation of 
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animal experiments and clinical observation in the light of these few 
facts furnished data, the analysis of which provided for the first time a 
rational basis for explaining the acute nature of tuberculosis of infancy 
and the chronic nature of tuberculosis of later life. The basis for this 
distinction had been at hand from the time of Koch’s experiments which 
led to the preparation of tuberculin, but it had not been so evident as to 
demand recognition. Now, however, it seemed plain that childhood 
infection both creates an immunity by reason of the primary focus, and 
augments it by bacilli which escape now and then and produce or at- 
tempt to produce new foci. It also seemed evident that these infections 
were potential sources of extensions, which might be caused by a sufficient 
number of bacilli to produce disease, usually chronic, because occurring 
in an immunized individual whose cells possessed the specific property of 
allergic reaction. 

The diagnostic value of tuberculin was accordingly changed. The 
fact of a reaction now came to mean simply that the reactor possessed 
within his body a tuberculous focus. Whether any reaction can be 
interpreted to mean more than this is questioned by some, but, person- 
ally, I have found that a prompt marked reaction is usually found in 
those patients in whom I have made a diagnosis of active tuberculosis on 
other evidence. 

3. Type of Disease and Allergy: (1) Acute Tuberculosis: Generally 
speaking, the most acute type of tuberculosis is that caused by the 
implantation of relatively large numbers of bacilli in an individual 
without allergy or one in whom allergy is relatively low. Wesee it in the 
meningitis of the infant, in whom bacilli gaining access to the tissues pass 
readily into the circulation and are held in the meninges to produce in- 
fection. We also see it in primitive races and in adults with depressed 
allergy. Any or many organs may be involved. 

Miliary tuberculosis is an acute process, caused by a rupture of a 
tubercle into a lymphatic or in a blood-vessel wall, with bacilli in large 
numbers gaining access to the blood-stream. On account of his previous 
infection the individual is already immunized. His cells are allergic, 
and respond with that violence toward the bacilli which is characteristic 
of the degree of resistance present. If such an infection occurs in the 
lungs the patient may die of a pneumonic process within a few days. 
Such infections usually result in quick death the same as reinfections in 
experimental animals caused by very large doses of bacilli. Such doses 
may cause death of experimental animals within six to forty-eight hours, 
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as first mentioned by Koch. Strictly speaking, this rapidly occurring 
death cannot be looked upon as an acute form of tuberculosis; it is rather 
a violent reaction which takes place between sensitized cells and the 
invading bacilli. 

(2) Caseopneumonic Tuberculosis: This type of the disease is usually 
less extensive than the acute miliary. It is caused by a simultaneous 
implantation of large numbers of bacilli in patients in whom allergy has 
been established, the spread taking place through the bronchi. While 
allergy is present it is greatly depressed because of the great numbers of 
bacilli engaged in producing the infection. The most pronounced 
effect of the allergic reaction in this type of the disease is that of exuda- 
tion, the air-cells being filled by serumi, blood cells and fibrin. If the 
disease is not too extensive, and, even in some instances in which quite 
large pulmonic areas are involved, the process may eventually assume a 
chronic course. ‘This type of infection is often followed by death in a few 
weeks or months; but in favorable cases the course of the disease slows up, 
necrosis and cavitation occur with relief from the most serious sources 
of toxic products, fibrosis ensues, and the disease follows a modified 
course of the fibroid type. When fibrosis is established it limits further 
extensions of the infection, and the immunizing mechanism is once more 
competent to cause destruction or encapsulation of the comparatively 
few bacilli which escape from existing foci to invade new tissues; and this 
is followed by a restitution of the patient to that degree of health which 
is consistent with the anatomical and physiological injury which has 
taken place. Nearly all caseopneumonic cases of tuberculosis show 
some fibrosis. 

(3) Fibroid Tuberculosis: There are relatvely few instances of purely 
fibroid or purely caseous tuberculosis. Most fibroid cases show some 
caseation and necrosis, and most caseous cases show fibrosis sooner or 
later. Fibroid tuberculosis is the type which occurs in patients already 
allergic, the implantations occurring with relatively few bacilli. While 
the allergic response is not able to heal the lesions completely, it is suffi- 
cient to destroy many of the bacilli which escape from old foci, and to 
check the advance of those which it does not destroy. In the purely 
fibroid form of the disease the allergic reaction is slight, and rarely 
passes beyond the stage of hyperemia with the exudation of a few cells, 
the more severe reaction of exudation with local pneumonic processes 
being almost wholly absent. In the mixed fibrocaseous types, which 
are the most common of all clinical forms of the disease, hyperemia, 
exudation and necrosis are all present in varying degrees. 
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4. Course of the Disease and Allergy: Not only the type of clinical 
tuberculosis is influenced or determined to a great extent by the degree 
of allergy present, but the changes in the daily, weekly and monthly 
course of each individual type are dependent upon this same factor. 

Allergy as an immunity reaction manifests variable degrees of strength. 
It may be increased many-fold by repeated inoculations of small numbers 
of bacilli, or it may be reduced to a minimum or be caused to vanish by 
a very large inoculation, or by successive large inoculations, or by various 
stresses such as pregnancy and diseases like influenza, measles and scar- 
let fever. 

In order to understand this immunity reaction and the way in which it 
influences the clinical course of the disease, one must understand active 
tuberculosis as a progressive disease, in which bacilli in variable doses at 
variable intervals escape from existing foci to cause new foci in previously 
uninfected tissue. The numbers of bacilli may vary from a single one 
to millions, and the time interval from minutes to months. The less 
extensive the pathological process and the less active it is, the fewer will 
be the escaping bacilli and the less frequent the intervals of escape, and 
consequently the milder the type of the disease. 

A competent allergic response is capable of taking care of many of the 
minor tuberculous infections (endogenous or exogenous) without recog- 
nizable disturbance in bodily functions. The more severe ones, how- 
ever, are accompanied by disturbances varying from temporary indis- 
position to prolonged illness and even death. This is evident from the 
fact that the allergic response to reinfections is inflammatory in nature, 
and may be so mild as to cause only slight hyperemia or so severe as to 
cause extensive exudation and a consequent caseopneumonic process. 

The clinical course of active tuberculosis is usually marked by a suc- 
cession of changes in prominent symptoms, such as temperature, cough, 
expectoration, nervous excitability and physical strength. The factor 
which determines what the symptoms shall be is the relative balance 
between the numbers and virulence of the bacilli on the one hand, and the 
patient’s defensive mechanism on the other hand; in other words, the 
manner in which his body cells, through their specifically acquired func- 
tion of increased sensitiveness to tuberculoprotein, is able to destroy 
escaping bacilli, or to heal infection should the bacilli gain a foothold in 
the tissues. The value of the allergic reaction is evident from the experi- 
mental experience that comparatively large doses of bacilli can be in- 
jected into the nonimmune animal without causing symptoms, while 
only comparatively small doses can be cared for by the previously in- 
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fected, immune animal, without causing recognizable or even serious 
disturbances in bodily function. 

The reaction which results from the escaping bacilli coming in contact 
with the immunized cells of the host is not confined to the point of 
attempted implantation. Some bacillary substance is set free which 
acts upon cells in all parts of the body, and which may cause an allergic 
response in foci of previous disease. Not infrequently do we find evi- 
dence of this focal allergic reaction manifesting itself as an increased 
inflammatory activity in foci distant from the point of new invasion,— 
in distant parts of the same lobe, in other lobes of the same lung, in the 
other lung, or in other organs. In fact, in pulmonary lesions at times it 
is impossible to determine where the extension is taking place because of 
the similarity of the acuteness of the process in the various pulmonary 
regions. 

Symptoms, which usually accompany these allergic reactions in pul- 
monary tuberculosis, are a rise of temperature (although this is not 
necessary), an increase in cough and expectoration, and varying degrees 
of nervous and physical disturbances. The cough may be much in- 
creased and the expectoration may double, quadruple, or, as I have seen 
it, increase tenfold. Locally, the stethoscope may reveal the reaction 
as an increase in local signs of activity, the increase in rales being par- 
ticularly prominent. Comparison of X-rays, if taken before, during and 
after the reaction has passed off, which may require only a few days in 
mild reactions, but weeks or even months in severe ones, will often reveal 
the changes which are due to the reaction. 

The most important information gained from reactions of minor 
degree is that they show definitely that there are open foci from which 
bacilli are escaping. However, the serious reactions must not be looked 
upon as necessarily indicating a hopeless condition, even though the 
temperature may attain a high maximum, the patient be profoundly 
toxic and the cough and expectoration greatly increased. With the 
attainment of a competent immunizing response on the part of the host, 
after a time the activity may subside, and the patient’s lungs be in a 
condition much improved as compared with that which obtained before 
the reaction occurred. 

In discussing this toxic condition which accompanies the allergic 
reaction I have not attempted to segregate the part played by tuberculo- 
protein and the protein of the patient’s own destroyed tissue; but both 
must be recognized. The reaction, both general and focal, which occurs 
in the immunized (previously infected) patient as a result of a new mas- 
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sive infection, may appear unexpectedly at a time when the patient is 
feeling well. Within a few hours he may have a high temperature and 
severe prostration, followed by an increase in cough and this followed 
later by increase in expectoration; in fact, occasionally such a reaction is 
the beginning of a rapid decline and death. On the other hand, as a 
rule the symptoms are more moderate and last over a period of a few 
days only. 

5. Allergy and Healing: Without allergy there would probably be no 
healing of clinical tuberculosis. While small inoculations of a few 
bacilli might be overcome and infection prevented by the natural de- 
fenses of the body, we can only speculate as to whether or not an infec- 
tion which is once well established could be healed by the nonspecific 
defensive forces of the body; for allergy develops contemporaneously 
with infection. Allergy is a present factor, and one to be taken into 
consideration in the defense of all individuals against tubercle except 
during the first days following a primary infection, and possibly in those 
comparatively rare instances of reinfection in individuals in whom com- 
plete healing had previously occurred, with the disappearance of cell 
sensitization. 

Our conception of the healing of tuberculosis is that with each escape 
of bacilli from existing foci a change in allergy occurs. If the escaping 
bacilli are few in numbers, or the numbers are larger, but still not so 
large as to depress the immune forces too much, then allergy is probably 
strengthened, and a healing response follows the stimulation. Following 
very large doses of bacilli the allergic response is sometimes irrecoverably 
depressed, and the life of the patient endangered. Strange to say, also, 
when a patient has been completely healed his allergic response vanishes, 
and ceases to be called into play by tuberculin. 

The cause of failure in the healing of clinical tuberculosis is due to 
the lack of immunity and a failure of adequate allergic response at the 
crucial time. Such an emergency might be caused by a reinfection, due 
to the escape from existing foci of many bacilli at one time, or of large 
numbers of bacilli at frequent intervals, or of a lesser number of bacilli 
of great virulence; or to some condition of depressed resistance on the 
part of the patient at the time of the reinfection. Factors which are 
particularly prone to cause such a condition are the stresses of life, busi- 
ness, social and domestic; diseases such as measles, whooping cough and 
influenza; and the lowered resistance of pregnancy. Under these con- 
ditions the immunizing mechanism may be depressed to such an extent 
that it fails to recover, or its establishment is delayed until serious spread- 
ing of the disease has taken place. 
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In the case of small lesions a failure to heal might be due to the fact that 
the bacilli become incarcerated and the communication between the tu- 
bercle and the adjoining tissues is interrupted, so that the products of 
the bacilli, which increase immunity and stimulate the allergic reaction, 
are not allowed to produce their effect. Inasmuch as this is essential 
to building up and maintaining an adequate specific defense and in 
calling into play the allergic inflammation about tubercle which results 
in healing, complete healing fails. 
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A CASE OF A PRIMARY COMPLEX IN AN ADULT WITH 
FOCAL TUBERCULIN REACTION IN THE TRACHEO- 
BRONCHIAL LYMPH NODES! 


ISRAEL RAPPAPORT anp RICHARD T. ELLISON 


The recent publication by Baum (1) of a case, in which the subcu- 
taneous injection of 0.1 cc. of 1:10,000 Old Tuberculin produced a focal 
reaction in the tracheobronchial lymph nodes that was demonstrated by 
X-ray, has led us to the presentation of the following case. Our case is 
of special interest in that the reaction occurred in an adult, who presented 
no evidence of pulmonary tuberculosis but who showed, by most pro- 
nounced local, general and focal reactions, following a Pirquet test, a 
very remarkable degree of specific hypersensitiveness. The case also 
presents other points of interest in that the positive sputum was not the 
result of pulmonary tuberculosis and also in that the pathogenesis of the 
case, as a whole, was difficult of interpretation. 


CASE REPORT 


The patient, an adult white male, thirty-one years old, an industrial chemist, 
was admitted to the Home for Consumptives, Chestnut Hill, with a diagnosis of 
pulmonary tuberculosis following a positive sputum report by the Municipal 
Laboratory. 

On admission he complained of occasional pain in his right chest and severe 
spasmodic attacks of cough, productive of one to one and a half teaspoonfuls of 
purulent material of sweetish taste and fetid odor. He had also a sensation of 
fulness in the upper chest, especially on bending over and occasionally on 
swallowing. His present illness may be said to.have begun in March, 1925, 
when without prodromal symptoms he was suddenly taken sick with chills, 
headache and fever. At first his temperature was continuously about 103°F., 
and typhoid fever was excluded by a negative Widal test. His temperature 
soon became relapsing, and he was treated for malaria for three or four weeks. 
During this period he had no cough or sputum. A few days after the onset of 
his illness an exanthem appeared over his entire body except the chest and 
abdomen. He described this as red blotches that developed into nodules, 0.25 


1From the Home for Consumptives, Chestnut Hill, Pennsylvania, William J. Enders, 
M.D., Superintendent. 
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inch in diameter, and left spots that did not disappear for three or four months. 
After a febrile period lasting seven or eight weeks his temperature gradually 
returned to normal and convalescence began. He rapidly regained his 
strength, and also more than the 40 pounds that he had lost. In June he re- 
turned to work. About the middle of July a growth appeared in the right 
supraclavicular fossa; this gradually increased in size and became painful. 
By the middle of August the patient’s temperature again began to rise, and 
swallowing became difficult. The swelling was incised, and the patient was 
told that a tuberculous lymph node had been opened and an unusually large 
amount of tuberculous pus evacuated. Following this free drainage, all 
symptoms disappeared, but a fistulous tract remained which continued to 
drain during the next few months. The man worked from August to Novem- 
ber, but during this time did not feel quite well. In November the fistula 
closed and he began to have the spasmodic cough and sputum which led to 
the diagnosis of pulmonary tuberculosis and his admission to the Home for 
Consumptives. 

On questioning it developed that the patient’s mother was treated for pul- 
monary tuberculosis during the pregnancy that resultedinhisbirth. Treatment 
continued for some time after delivery, but she recovered and is apparently in 
good health at present. The patient has had no illnesses except for a period 
of vague sickness at seven years of age, during which he had “glandular swell- 
ings” and “white swelling of the knees,’ both of which subsided in a few 
months, and repeated attacks of acute tonsillitis up to the present time. 

On admission, physical examination showed a hypersthenic man, well- 
nourished and well-muscled, but with a peculiar ashen pallor. His weight was 
176 pounds. The tonsils were enlarged, soft and boggy. There was a fistu- 
lous opening in the right supraclavicular fossa, from which exuded a small 
amount of serous discharge. The lungs were entirely negative, there being no 
impairment, change in breath-sounds, or demonstrable rales. There was 
evidence of a tumor in the upper mediastinum, extending more to the right 
than to the left of the sternum. There were also some paravertebral dulness 
and spinalgia. An enlarged hard spleen was palpable two finger-breadths 
below the left costal margin, and some large tender lymph nodes were palpable 
in the axillary and inguinal fossae. The physical examination was otherwise 
entirely negative. There was a leucocytosis of 20,000 during the acute exacer- 
bations, with a lymphocytosis of 40 per cent. 

The temperature during the first days following admission is shown in chart 
1. During this time the sputum amounted to 1 to 2 ounces daily, and con- 
sisted of mucopurulent material in which were cheesy masses. Repeated 
staining after concentration failed to reveal any acid-fast bacilli, although the 
cheesy masses were loaded with Much granules and numerous acid-fast Split- 
tern of Spengler. Stereoscopic X-ray films (figure i) at this time showed a 
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widening of the superior mediastinal shadow, especially to the right. In the 
right hilum was an irregular calcareous mass, from the upper inner pole of 
which a dense linear shadow could be traced, first upward and inward, and then 
outward into the supraclavicular area. There was no evidence of parenchymal 
tuberculous involvement. 

A diagnosis of tuberculous tracheobronchial adenopathy was made, and it 
was decided to begin percutaneous tuberculin treatment according to Neu- 
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mann’s technique. In preparation for this the cutaneous allergy was de- 
termined by a Pirquet test. It was the unexpectedly severe reaction to this 
test that led us to report this case. The general reaction was evidenced by a 
rise in temperature, accompanied by pain and a feelin g of engorgement in the 
chest, chills, and increase in the spasmodic cough, but without any expectora- 
tion. The local reaction reached an inch in diameter; a vesicle formed and this 
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Fic. 1. Taken on admission November 20, 1925. No evidence of pulmonary tuberculosis. 
Widening of the superior mediastinal shadow, especially to right. In the right hilum a cal- 
careous mass, from the upper inner pole of which a dense linear shadow can be traced upward 
and inward, and in the stereograms again outward and forward toward the supraclavicular 
fossa. 

Fic. 2. Taken November 27, 1925, at height of febrile reaction following a Pirquet test. 
Note the marked enlargement of the mediastinal shadow. ‘This is a focal reaction in tuber- 
culous tracheobronchial lymph nodes. 

Fic. 3. Taken January 28, 1926. The specific reaction has entirely subsided. Slight 
rotation of the patient gives the appearance of greater prominence to the right than was 
really present. 

Fic. 4. Taken October 17, 1926. The superior mediastinum is practically normal. The 
calcified mass in the right hilum is denser than when first observed. 
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broke down, leaving a scar and discoloration that persisted for several months 
The degree of the focal reaction can be appreciated by comparing figure 1 wit} 


figure 2. 
This severe focal reaction gradually subsided, as shown in figure 3; and th¢ 


symptoms of congestion and oppression in the chest were entirely relieve! 
following the expectoration of about 2 ounces of cheesy, blood-streake«! 
material after much painful unproductive cough. Acid-fast rods were dem- 
onstrated in 2 out of 12 slides of this material. In all, about 7 typical tubercle 


bacilli were seen. 

A course of:tuberculin-ointment inunctions was started, during the course 
of which slight exacerbations were observed, which always gave rise to the 
sudden expectoration of material similar to that following the Pirquet test. 
These exacerbations decreased in severity, and the patient rapidly improved 
in general health. After three courses of tuberculin, percutaneously, treat- 
ment with Old Tuberculin by subcutaneous injection was begun, but this was 
discontinued at the patient’s request because the slight general reactions in- 
terfered with his work, which he had resumed by this time. It is over two 
years since the acute onset of symptoms, and figure 4 shows that the media- 
stinum is now practically normal except for the calcified lymph node in the 
right hilum. 


DISCUSSION 


A careful comparison of the X-ray films leaves no doubt that the cu- 
taneous application of Old Tuberculin as a diagnostic procedure set up 
a most striking focal reaction in the tracheobronchial lymph nodes. 
Such a degree of hypersensitiveness is frequently seen in children, but 
it is a rare occurrence in an adult and leads us to a consideration of the 
case, as a whole, from the standpoint of its pathogenesis. There is not 
a single phase of the unusual course of this case that could not be ex- 
plained by a tuberculous infection. The possibility of its being a mild 
type of Hodgkin’s disease was considered, but this was ruled out by the 
blood picture, the clinical course, and the response to treatment. The 
clinical picture, in its entirety, is one of Ranke’s “primary complex,” 
ushered in by one of those acute conditions characterized by Landouzy 
as Typhobacillose. This was ushered in by a tuberculous bacillemia, 
with the development of an exanthem that, from the description, may 
safely be diagnosed as erythema nodosum. Although Ranke’s primary 
complex is usually seen in childhood it has also been described in adults 
supposed to have escaped infection in childhood. But in this case the 
idea of a primary infection in adult life is practically excluded by the 
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history of early intimate contact with a tuberculous mother and the 
appearance of lymph-node and jointsymptoms in childhood. Is this 
then an exacerbation of an old, latent primary complex, which had been 
smoldering for thirty years, or is it a second exogenous infection produc- 
ing a primary complex in an adult whose allergy following childhood 
infection had entirely disappeared? Neither the clinical history nor 
the X-ray films give any clue to the solution. Even the calcified hilum 
lymph node does not offer any assistance, inasmuch as it may have ex- 
isted for years or may have developed between the acute onset and the 
taking of our first film. Only recently Puhl has called attention to the 
rapid calcification that takes place in primary complexes. 


SUMMARY 


1. A case is reported, showing marked focal reaction in the tracheo- 
bronchial lymph nodes of an adult, following a Pirquet test. This reac- 
tion was demonstrated by X-ray films. 

2. Two possible explanations of the clinical and X-ray pictures are 
suggested, neither of which is entirely satisfactory. First, that it may 
have been an exacerbation of an old primary complex, but this would 
necessitate a reversal of the immunobiological state to a condition of 
allergy characteristic of primary infections. Second, that it is the re- 
appearance of a primary complex in a man of thirty, and taking the form 
of an acute bacillary infection and producing an immunobiological state 
characteristic of childhood; but this necessitates the assumption that 
the allergy of practically certain early childhood contact infection had 
been entirely lost. 

3. Tubercle bacilli were recovered from expectorated material in the 
absence of pulmonary tuberculosis. 
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ETHER ANESTHESIA IN CASES OF PULMONARY 
TUBERCULOSIS! 


CHARLES R. GRANDY 


It has long been known by physicians, especially those who have had 
much to do with tuberculosis, that it is dangerous to give ether by in- 
halation to such patients. But this knowledge does not seem to be . 
universal throughout the profession and certainly does not seem to be 
appreciated by all surgeons. Thus, a few years ago, a man who had 
done surgery for many years remarked that he had never seen harm come 
from giving ether. I begged him, for the sake of the poor medical men, 
who must take care of these cases after the surgeons have got through 
with them, to modify his statement and say tmmediaie harm. 

At our clinic we have pretty constant reminders of the dangers of 
ether in our more or less quiescent cases. Every year, cases that have 
been doing well but need an operation, frequently for some minor affec- 
tion entirely apart from the pulmonary condition, will be given ether 
and come back with the more or less quiescent trouble stirred into 
active disease. Frequently these cases will get such a start downward 
that it is impossible to stop them, and they go on to their graves. _ 

This was dramatically shown in the case of a colored high-school girl, 
who had been coughing a few months, the cough being attributed en- 
tirely to badly diseased tonsils. This girl said she had not lost weight 
and had had no fever prior to a tonsillectomy under ether. She was 
seen by us three weeks after this operation, and was found to have such 
marked tuberculosis of the lungs that she was put in bed at once. She 
never was able to get up, but died in less than two months, or about 
two and one-half months after her operation. The trouble in this case 
was that she was not given a thorough chest examination, for this 
undoubtedly would have shown tuberculosis and prevented the ether 
anesthesia, as she was old enough to have had local anesthesia. 

On account of cases like this it has become customary with me to give 
patients with old quiescent tuberculosis a note to the surgeon, telling him 


1 Read at a meeting of the Norfolk Medical Society, Norfolk, Virginia, March 14, 1927. 
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that the patient has tuberculosis of the lungs and that ether is dangerous. 
Nevertheless, last year a surgeon gave a patient with such a note ether, 
in order to apply radium to the uterus, and, as usual, reactivated the 
tuberculosis, and now we are struggling to keep her alive. 

There is, however, some excuse for the surgeons not appreciating the 
dangers of ether by inhalation in tuberculosis cases, for I can find practi- 
cally no mention of it in the ordinary text-books on medicine or in those 
written especially on tuberculosis. Fishberg, alone, in his text-book says 
that a general anesthetic is dangerous, but he fails to mention any specific 
anesthetic. There have, of course, been articles on this subject in medi- 
cal journals, but really very few of them, as, upon inquiry, a reference 
and abstract Service recently sent me only two, both from the AMERICAN 
REVIEW OF TUBERCULOSIS. One of these, by J. R. Eastman, quotes 
men from all over the country, who should have personal knowledge 
and who replied to a questionnaire, and finds that ‘“‘anesthetists and tu- 
berculosis experts are, with few exceptions, more or less opposed to the 
administration of ether to the tuberculous. Surgeons, however, do not 
seem to have this distrust of ether.” 

J. T. Gwathmey in his text-book on Anesthesia, page 329, says that 
“in pulmonary tuberculosis ether is contraindicated, as it is liable to light 
up the diseased lung that may have been in a quiescent stage for some 
time.” This, of course, is the experience of the physician who has 
handled many cases of tuberculosis. 

The question then arises as to what we can do in those cases of more 
or less quiescent tuberculosis that need operations for other conditions. 
Some of these cannot have such an operation done under a local anesthetic, 
and they may die from their other disease if the operation is not done. 
This question is continually arising, and is frequently brought up espe- 
cially in the case of children who need tonsillectomy. Some laryngolo- 
gists say that they cannot do the operation under a local anesthetic and 
do not wish to do it under anything except ether, and frequently they 
refer such cases to our clinic for a decision. Last winter the writer had 
the opportunity of taking this question to Dr. James Gwathmey, and his 
answer was: “O, that is easy, simply give the children ether by rectum, 
for that does not injure the lungs and may even help them.” The 
technique of administering ether in oil by bowel is given in Gwathmey’s 
Anesthesia, page 442, and is being used by many surgeons in Norfolk, 
and I know that it is pretty constantly in use at the Protestant Hospital. 
Roughly speaking, an ounce of from 50 to 60 per cent ether in oil is 
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injected for each 20 pounds of body weight. There does not seem to be 
any special danger in the method, as the ether is given off and absorbed 
slowly, and the remainder may easily be washed out of the bowel when 
the need for the anesthetic is over. Gwathmey is so enthusiastic over 
this method for anesthesia in tuberculosis cases that he feels that the 
ether, used in this way, may be even a positive help to the tuberculosis. 
He has had it given therapeutically in a considerable number of far- 
advanced cases, to which it did no harm, and the physician and patients 
thought that it did good. The only objection to the ether-oil method is 
that it takes longer to give than ether by inhalation and that the surgeon 
may be kept waiting before he can operate on the case. In such an 
instance it will do no harm to give a whiff of chloroform or even a whiif of 
ether, which will be sufficient to put the patient under. 

During the last year four tonsil cases, under the care of the Anti- 
tuberculosis Clinic, have been operated on with this form of anesthetic. 
These four children were all much undernourished and were frequently 
missing school on account of coughs and fever, and all had been in close 
contact with tuberculosis. Added to this there were present the some- 
what indefinite signs which are attributed to bronchial lymph-node 
tuberculosis. All the children stood the operation well, and all have been 
greatly improved as a result of the tonsillectomy. Nearly a year has 
elapsed since they were operated on; so we can safely say that there has 
been no untoward result from the anesthetic. 

There is another class of tuberculosis cases, in which ether and oil is 
indicated. This is the active case of tuberculosis, in which an operation 
for some intercurrent disease is absolutely necessary. It is, of course, the 
anesthetic of choice in the obstetrical cases that had formerly had 
tuberculosis, and likewise in cases of frank tuberculosis in which an 
abortion is considered necessary to save the life of the mother. Besides 
the obstetrical cases, we have had several major operations, of which I 
give a short history of two. 

The first was sent to the sanatorium in 1923 as a far-advanced case of 
tuberculosis. She remained there only three months, returning home 
against advice as “improved.’”’ Since that time she has been dragging 
along with various troubles and her lung condition gradually inproving. 
In the fall of 1926 hysterectomy was performed under rectal oil-ether. 
A recent examination did not show any tuberculous activity in the 
lungs. 

The second case came into our Clinic last year. This case had also 
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been sent to the sanatorium in 1917 as a far-advanced case of tubercu- 
losis. Indeed, her condition was so bad that a sanatorium physician 
recently inquired if she was still alive, as he certainly had not expected 
her to live. Six years ago hysterectomy was performed and last year 
her gall-bladder was removed under rectal oil-ether. There has been no 
return of her tuberculosis. 

I shall give only these two cases, though some of you surgeons could 
undoubtedly add many more similar ones, but these are enough to prove 
that ether administered by rectum is entirely different from ether by 
inhalation. With this method at our command there is no further reason 
to jeopardize in the future any case of tuberculosis, or one suspected of 
having tuberculosis, to the dangers which follow the old method of ether 
by inhalation. Along with this warning we must insist on the absolute 
necessity of having all suspicious cases given a good chest examination 
before ether is administered, as at the present time no excuse can be 
advanced to cover the damage done to those cases of tuberculosis that 
have been harmed and even killed through the wrong method of ether 
anesthesia. 


OBSERVATIONS ON THE TREATMENT OF PULMONARY 
TUBERCULOSIS WITH SANOCRYSIN 


GERHARD GRUENFELD! 


Reports on cases of pulmonary tuberculosis treated with Moellgaard’s 
sanocrysin are very numerous, especially in the European literature, al- 
though opinions as to its therapeutic value are still at variance. The 
introduction of the treatment into this country took place comparatively 
recently, and, after all the contradictory results reported in the previous 
European literature, our work was begun with a strictly critical view. 

We are indebted to Parke, Davis & Company for having generously 
supplied us with a sufficient quantity of the Danish preparation to per- 
form clinical investigations of our own. 

We started Sanocrysin treatment about six months ago. As noxious 
effects of the preparation were frequently observed, especially when the 
drug was administered in large doses repeated at short intervals, we could 
not resolve to apply the heroic dosage recommended by Moellgaard and 
the first Danish investigators. We injected our first patients at weekly 
intervals, with gradually increasing doses, from 0.05 to 0.1, 0.2, 0.5, 
0.75, and 1.0 gm. The treatment was completed after 4.5 gm. had 
been administered. In order to avoid harmful effects, we preferred 
to repeat the same or a smaller dose when the patient had reacted with a 
marked temperature elevation, or other general symptoms. Our fur- 
ther experience justified our cautious attitude, as we have seen signs of 
gold poisoning, such as albuminuria, cylindruria, exanthemata, and 
salivation, in spite of our carefulness. 

We prefer now to administer the drug in unvarying doses of 0.25 gm. 
once a week. The symptoms of gold poisoning in the latter group of 
patients occurred more rarely and were less pronounced than in those 
who received the increasing dosage. Those receiving the smaller and 
equal doses showed only occasional symptoms. 

Of the 30 patients treated, we were forced to discontinue the course 
in 5 cases. In two instances, in which the destruction of the lung was 


1 Clinical Department, National Jewish Hospital, Denver, Colorado. 
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too far-advanced, the treatment was begun at the patients’ request, 
against our advice. We discontinued it when the patients had reactions. 

In a third case treatment was discontinued on account of extensive 
and itching skin eruptions after 2 gm. had been given. The papulo- 
macular exanthema lasted for about five weeks, and was accompanied 
by cylindruria. On resuming the injections this exanthema immedi- 
ately developed again. 

A fourth case suffered, after 1.75 gm., from a generalized macular 
exanthema of sixteen days’ duration, cylindruria of more than twelve 
weeks’ duration, and change in the electrocardiogram suspicious of 
heart-block. Whether this block was due to metallic poisoning or de- 
generation effected by tuberculous toxemia could not be decided. 

The fifth case was discontinued after 3.15 gm. on account of a sudden 
onset of severe albuminuria, cylindruria, excessive salivation and per- 
sistent dyspeptic disturbances. After eight weeks the urine was normal 
again, and the patient free from symptoms. However, he refused to 
risk the continuation of the treatment. 

In many of the remaining 25 cases we were forced to discontinue in- 
jections for several weeks, as albuminuria, cylindruria or skin eruptions 
of slight degree and short duration occurred. Of all the patients treated, 
only 5 remained completely free from kidney impairment; the remainder 
showed at least some slight degree of cylindruria. Symptoms still more 
commonly accompanying the gold treatment are dyspeptic disturbances 
during the injection, and sometimes lasting from one to four days. 

In all, we observed extensive skin eruptions in three patients, and slight 
indications of it in two. Two patients complained of transitory pains 
in the eyes, with scotomata and dimmed vision; these symptoms sub- 
sided although the treatment was continued. 

We treated only cases of far-advanced pulmonary tuberculosis. 
Nineteen of the 30 patients had been under our observation for more than 
six months before we started the treatment. During that time a pro- 
gressive tendency of the tuberculous process was evident in all the pa- 
tients. Fourteen cases showed very severe destruction, such as large 
cavities and many active foci. 

Our results have thus far been unsatisfactory. Seven of our patients 
finished the treatment three months ago, after having had 4.5 gm. of 
Sanocrysin on the average. None of them revealed such pronounced 
changes in the X-ray findings as could justly be attributed to a certain 
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healing effect of Sanocrysin. It must be admitted that in two cases 
that were under observation for more than a year, comparison of the 
X-ray plates showed cirrhotic changes and shrinkage of the cavity, 
which are somewhat contradictory to the tendencies observed previously. 
However, these findings were too trifling and too sporadic to base any 
statements upon. 

We did not permit ourselves to draw any optimistic conclusions from 
changes in the X-ray plates of minor degree in such patients as were under 
our observation for less than six months. In none of the cases have we 
seen that the tuberculous foci, appearing as of recent development on 
the X-ray plate, have disappeared under the treatment. We should 
especially like to refer to a case of very acute tuberculosis, already ob- 
served by us two years ago, at which time the patient was afflicted with 
sudden and severe snowflake-like infiltration of the whole left lung. 
Under pneumothorax treatment the temperature soon returned to nor- 
mal, and the patient rapidly recovered. He left the hospital, continuing 
his pneumothorax treatment on the outside, and was in good condition, 
in spite of the fact that he had resumed his former occupation to the full 
extent. Several weeks before being readmitted to the hospital he suf- 
fered a second breakdown, with high temperature and rapid loss of 
weight. A pneumonic-like infiltration of the contralateral upper lobe 
was the cause. During bed-rest his temperature went down, but the 
infiltration spread gradually; 3.7 gm. Sanocrysin did not influence the 
process anatomically. Physical signs gradually grew more distinct. 
The left lung, which had meanwhile reéxpanded, showed no signs or 
residuum of the tuberculous process prevailing two years before. We 
collapsed the right lung, with the result that the patient is definitely im- 
proved. This time, as well as two years ago, there was practically no 
sputum. As the course of the recent illness greatly resembles the former 
condition, we believe that at this time we are again faced with one of 
the acute but benign cases of pulmonary tuberculosis which may disap- 
pear without marked pulmonary destruction. Especially in this case we 
would have expected, in view of the statements of the Scandinavian 
workers, that the influence of the Sanocrysin treatment would be 
demonstrative. 

This observation leads us to doubt whether acute exudative cases are 
of special indication for the Sanocrysin treatment, as Moellgaard and 
his co-workers claim. Since spontaneous improvement of acutely be- 
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ginning pulmonary tuberculosis is not so uncommon, especially if the 
patient is given strict bed-rest and proper care, one cannot draw the 
conclusion that the Sanocrysin was the effective treatment. 

Our results, so far as concerns a real change in the disease, or a certain 
diminution of the anatomical process, are therefore negative. But we 
think it would not be fair if we did not mention some favorable observa- 
tions of ours. 

Many of the patients declared that they felt stronger in spite of loss 
of weight. We should not have paid much attention to such assertions, 
especially as the gold treatment became very popular after it had re- 
ceived wide publicity in the newspapers, had it not been for the fact that 
among the patients favorably impressed were several tuberculous “vet- 
erans” with a definitely critical attitude toward their own condition. 

Twelve, or about 50 per cent of the '25 patients in whom we could 
finish the treatment, showed a certain decrease and improvement of the 
sputum; the amount was decreased one-third to one-half. In several 
cases an improvement of the sputum could be observed only after the 
first injections, yet during the treatment it returned to the usual amount. 
Five of the patients, whose sputum improved under the treatment and 
remained so during the entire course, have finished the treatment, but 
in three instances the sputum is already becoming worse again. None 
of our patients under treatment who started with a considerable amount 
of sputum have lost their expectoration or have become free from bacilli. 

Only these observations on the influence of the Sanocrysin on sputum 
and cough have encouraged us to proceed further with the drug. We 
do not feel that these irregular and rather indefinite results warrant the 
conclusive statement that the treatment has a favorable effect on ex- 
pectoration and cough. We intend to investigate whether this assumed 
effect can be repeated when the sputum and cough of the patients return 
to the old condition. 

An influence upon the temperature of our patients was observed only 
in that a temperature reaction of from one to three days’ duration was 
frequent. We never saw a patient with fever lose his abnormal tem- 
perature. The same thing is true of the pulse curve. Most of the pa- 
tients lost weight during the treatment, the greatest loss being 12 pounds; 
regaining it was very slow, and in no case exceeded the loss. 

We attempted to gauge the success of the Sanocrysin treatment by a 
finer and more easily measurable method than by the physical and X-ray 
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examination, and clinical observation. We employed for this purpose 
the red-cell sedimentation test (S.R.) of Fahraeus, as modified by 
Westergren. 

Our other experiences with this test have proved to us that it is a 
very reliable and highly quantative indicator of the amount and ac- 
tivity of the inflammatory process. We have always performed this 
test immediately before the injection of the Sanocrysin, that is, one week 
after the preceding injection. ; 

Our results, so obtained, are recorded in table 1. 


TABLE 1 
Red-cell sedimentations in millimetres after sixty minutes, in patients treated with Sanocrysin 


BEFORE INJECTION NUMBER 


PATIENT 
5 6 8 9 10 


| | | —— 


711271 9 2 
8 


F. 
E. 
I. 
D. 
R. 
M. 


15 


. S. (second course) \ 3 
16 


In nearly all of our cases we observed that the sedimentation rate 
decreased considerably during the treatment, particularly after the sec- 
ond injection. It was sometimes found that in the beginning the rate 
increased for a short time. 

We could not conceive, however, of how this change of rate was brought 
about, as even the most favorable readings were never accompanied by 
an improvement of the physical and X-ray findings, nor could we observe 
that the sputum decreased at the time when the sedimentation rate was 
at its lowest. 

The lowering of sedimentation was consistent for a long period, but 
showed, toward the end of the treatment, a distinct tendency to rise. 
As the improvement of the rate was such an isolated sign, we are inclined 
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to explain this fact as a direct influence of the gold on the colloids of the 
blood-serum, the sedimentation reaction being dependent on the col- 
loidal condition of the blood. Test-tube experiments by Leffkowitz and 
Katz, with the aim of observing the influence of Sanocrysin in varying 
concentrations upon the sedimentation of blood, proved that a decrease 
was effected only by concentrations exceeding that occurring during the 
treatment in the body. Of course, this is not convincing evidence 
against a direct influence on the colloids, but we could scarcely expect 
that the colloidal influence should last for several days. We admit that 
the explanation of the decreasing effect of the Sanocrysin is obscure. 

We did not employ the differential count of the leucocytes as exten- - 
sively as we did the sedimentation test. The results did not show, in 
general, such marked changes, but in several cases, which were suffering 
from a complicating exanthema, we found an increase of eosinophiles— 
in one case up to twenty-two per cent. 


CONCLUSIONS 


1. Thirty cases of far-advanced, open, partially febrile pulmonary 
tuberculosis, the course of which was observed for a sufficient period of 
time, were treated with Sanocrysin. 

2. Dosage consisted primarily in increasing amounts up to 1.0 gm. 
at weekly intervals; later doses were of 0.25 gm. weekly. Treatments 
were completed after 4.5 gm. had been administered. 

3. No conclusive change in the anatomical findings could be observed. 

4. The possibility of a favorable influence on the subjective condition 
in a good many of the patients cannot be denied. 

5. The red-cell sedimentation reaction showed a typical tendency to- 
ward improvement. Apparently this influence is not consistent, and is 
not parallel with an improvement of the physical or X-ray findings. 

6. An increase of the eosinophiles was observed in several cases. 

7. Dyspeptic symptoms and loss of weight occurred in all the cases. 
Damage to the kidneys was very frequent, even with cautious dosage. 
Skin eruptions were observed 1n 5 cases. So far we have had no lasting 
damage due to gold poisoning. 

8. In 5 cases the treatment had to be discontinued: in three because 
of severe symptoms of metallic poisoning, in two because the general con- 
dition of the patients did not permit a therapeutic experiment after the 
first doses failed to show satisfactory results. 
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9. We believe that further observation with regard to the influence 
on sputum and cough is desirable; it is probably advisable to administer 
small doses over a long period and above the total amount of 4.5 gm. 


I am indebted to Dr. Felix Baum, Medical Director, for his interest and advice. 
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CHEMICAL URINARY STUDIES ON PATIENTS WITH PUL- 
MONARY TUBERCULOSIS UNDER SANOCRYSIN 
TREATMENT! 


K. LUCILLE McCLUSKEY anp LILLIAN EICHELBERGER 


Previous investigations (1) (2) on the effect of intravenous injections 
of sanocrysin (sodium aurothiosulphate) on normal and tuberculous dogs 
were of such interest that the study was extended to include tuberculosis 
patients treated with the drug. This work consists of a report on the 
urinary gold elimination and the chemical urinary findings obtained on 
four patients receiving sanocrysin treatment. 


METHODS 


For chemical analysis of the urine, 24-hour specimens (7 A.M. to 7 A.M.) were collected and 
preserved under standard conditions for metabolism work. 

The patients under observation were permitted the regular ward diet. 

The gold in the urine was determined quantitatively as in previous work (3). 

Standard methods were used for the chemical analyses of the urinary constituents,— 
namely, creatinine (4), ammonia (5), total nitrogen (6), urea (7), chlorides (8), total acidity 
(9), and pH (10). 

Elimination of Gold in the Urine: That the largest percentage of 
eliminated gold from sanocrysin is found in the urine, was observed by 
Moellgaard (11) and later confirmed by others. As noted in tables 
1, 2, 3 and 4, the total percentages of gold recovered in the urine of the 
four patients under treatment were 31.1, 38.12, 49.6 and 63.8 per cent, 
with an average of 45 per cent. There is a small elimination of gold 
through the feces (5 to 10 per cent), insignificant amounts in the sputum 
and perhaps some through the skin. A liberal estimate of the amount 
eliminated by these various routes probably would not exceed 10 per 
cent, leaving, on an average, 45 per cent of the gold injected still dis- 
tributed within the body. The comparatively low percentage recovered 
in the urine from the four patients was anticipated on the basis of previ- 
ous work on dogs, which definitely showed that the nontuberculous 


1 From the Research Laboratories, Chemical Department of the City of Chicago Municipal 
Tuberculosis Sanitarium. 
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organism was capable of greater elimination of gold than the tuberculous 
organism. The percentage elimination of gold in the urine of normal 
dogs was found to be 60, while in the tuberculous dogs a 50 per cent aver- 
age was obtained. This difference, as stated formerly, cannot be due to 
the affinity of gold for tuberculous tissue, because approximately the 
same percentage of gold was recovered from the tuberculous and the 
nontuberculous organs. 

Thus it is assumed that the percentage of gold eliminated in the urine 
of patients is not a function of the amount of tuberculous tissue, and that 


TABLE 1 
Patient I 
F.G. Case no. 22,141. o Age28. Classification F. A.C. Multiple cavitation bilateral. 
Weight 104 pounds. Pulse 88-100. Temperature 96.2°-102.2°. Sputum: positive. Prog- 
nosis bad. 


DATE OF INJECTION* AVERAGE URINE VOLUME GOLD RECOVERED FROM 
AND INTERVAL FOR INTERVAL URINE FOR INTERVAL 


ce. mgm. 
2-20-26* 
2-25-26 1328 6.6 


2-26-26* 
3- 4-26 1297 


3- 5-26* 
3-14-26 1269 


3-15-26* 
3-24-26 1511 


3-25-26 
S- 1-26 1334 


1 Left Sanitarium. 

Total sanocrysin = 0.600 gm., equivalent to 0.2244 gm. Au. 
Total gold eliminated through kidneys = 0.1433 gm. Au. 
Percentage eliminated = 63.8. 


a low recovery in the urine is not accompanied by a higher deposition of 
gold in tuberculous tissue. 

The percentages of gold recovered in the urine from the patients are 
higher and show greater variations than those reported by Frandsen (12), 
who concluded that the total amount of gold eliminated by the kidneys is 
practically the same, regardless of the extent of the tuberculous lesion, 


13.7 
q 38.7 
23.5 
60.8 
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but that the initial rate of elimination is influenced by the nature of the 
tuberculous process. Frandsen’s figures on the percentage of gold 
recovered in the urine varied from 21.8 to 35.2 per cent, with an average 
of 27 per cent. This average would have been higher had he continued 
the experiment on each patient until the urine was free from gold, for 


TABLE 2 

Patient II 
J.G. Case no. 22,213. & Age26. Classification F. A.C. X-ray examination: Find- 
ings characteristic of tuberculosis with active pneumonitis and fairly definite cavitation in left 
lung. Weight 131 pounds. Temperature 97.7°-100.8°. Sputum: positive. Prognosis doubtful. 


AVERAGE GOLD GOLD 
DATE OF URINE RECOVERED DATE OF RECOVERED 
INJECTION* SANOCRYSIN VOLUME FROM INJECTION* FROM 
AND INTERVAL FOR URINE FOR || AND INTERVAL URINE FOR 
INTERVAL | INTERVAL INTERVAL 


mgm. 
2-20-26* 4- 3-26* 
2-24-26 799 7.1 || 4 9-26 


-25-26* 4~-10-26* 
2-27-26 906 4.0 4-14-26 


2-28-26* 4-15-26* 
3— 9-26 966 4-21-26 


3-10-26* 4-22-26* 
3- 5-26 4-27-26 


3-16-26* 4-28-26* 
3-21-26 902 5- 3-26 


3-22-26* 4-26* 
3-26-26 | 500 638 ; 5-13-26 


3-27-26* . 5-14-26 
4- 2-26 700 1279 67.9 8-19-26! 


1 Urine free from gold. 

Total sanocrysin = 8.1 gm., equivalent to 3.0294 gm. Au. 
Total gold eliminated through kidneys = 1.1550 gm. Au. 
Percentage elimination = 38.12. 


data showed that in some instances the experiment was discontinued 
when the patients were excreting daily from 5 to 8 mgm. of gold. 

There appears to be considerable differences in the initial response of 
the kidney in eliminating gold following the first injection of sanocrysin 
(table 5). Although each patient received 100 mgm. of sanocrysin, a 
varied recovery of 2.9 to 15.5 per cent was obtained in the urine during 


1000 | 1393 | 93.8 
1000 | 1327 | 80.5 
1000 | 1266 | 116.3 
| 1000 | 1193 | 128.4 
1000 | 1685 | 157.2 
1000 | 1887 | 209.0 
— | 1021 | 194.2 
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the first two days. Frandsen observed a similar variation (1.6 to 14.3 
per cent) in his study, and concluded that a high initial excretion is 
concomitant with patients having a productive type of tuberculosis, 
while a low initial excretion was found coincident with an exudative proc- 
ess, due, he believed, to a greater retention of gold by pulmonary tissue 
with an active exudative tuberculous process. That this difference can 
be attributed to a greater affinity of sanocrysin for the tissue of the exu- 


TABLE 3 
Patient IIT 
A. F. Case no. 20,482. o& Age 28. Classification M. A. C. X-ray Examination: 
Both apices are hasy. On the right side a definite interlobor septum. The findings are char- 
acteristic of tuberculosis with a superimposed pneumonitis. There are also questionable cavities 
on the right side. Weight 171 pounds. Temperature 97.8°-101.0°. Pulse 66-98. Sputum: 
positive. Prognosis good. 


AVERAGE 
DATE OF URINE 
INJECTION* VOLUME 


AND INTERVAL FOR 
INTERVAL 


ce. ce. 
9-24-25* 10-17-25* 
9-25-25 1905 . 10-19-25 


9-26-25* 10-20-25* 
9-30-25 1698 10-24-25 


10- 1-25* 10-25-25* 
10— 3-25 200 1576 7.4 10-27-25 


10 4-25* 10-28-25* 
10-15-25 200 1366 53.5 11- 6-25 


10-16-25* 11- 7-25 
250 1725 12.0 3- 5-26 


1 Urine free from gold. 

Total sanocrysin equals 2.600 gm., equivalent to 0. 973 gm. Au. 
Total gold eliminated through kidneys = 0.4828 gm. Au. 
Percentage elimination equals 49.6. 


dative type than for the tissue of the proliferative type is doubtful, but 
it may be attributable to the differences in the general physical condition 
of these two types of patients, indicating that, because of a necessarily 
lowered vitality of the patient with an exudative process, there is either 
a greater impairment in the functions associated with the excretory 
powers of the kidney or a conversion of the sanocrysin in this type of 
patient into a condition not as readily excreted. 


if 

| 

RECOVERED 

FROM 

URINE FOR | 
a INTERVAL 
| 21.9 
500 1629 | 67.6 

| 

500 1793. | 29.2 
500 1759 78.2 

s — | 1509 | 194.9 
q 
q 


TABLE 4 
Patient IV 


E. M. Case no. 17,622. o& Age 18. Classification F. A. C. Entire left lung shows 
evidence of active tuberculosis. Complication, tuberculous enteritis. Weight 104 pounds. 


Temperature 95.7°-102.2°. Pulse 93-105. Sputum: positive. Prognosis bad. 


DATE OF 
INJECTION* 
AND INTERVAL 


SANOCRYSIN 


AVERAGE 
URINE 
VOLUME 
FOR 
INTERVAL 


DATE OF 
INJECTION* 
AND INTERVAL 


AVERAGE 
URINE 
VOLUME 
FOR 
INTERVAL 


12-30-25* 
12-31-25 


1- 1-26* 
1-14-26 


1-15-26* 
1-24-26 


1-25-26* 
1-28-26 


1-29-26* 
2- 1-26 


2- 2-26* 
2-10-26 


2-11-26* 
2-15-26 


2-16-26* 
2-19-26 


2-20-26* 
2-27-26 


100 


100 


100 


200 


200 


200 


250 


cc. 


560 


860 


819 


741 


680 


1354 


9.7 


28.1 


2-28-26* 
3- 4-26 


3- 5-26* 
3-14-26 


3-15-26* 
3-21-26 


3-22-26* 
3-26-26 


3-27-26* 
4- 2-26 


4- 3-26* 
4- 9-26 


4-10-26* 
4-15-26 


4-16-26* 
4-25-26 


4-26-26 
7-19-26! 


cc. 


1 Second series of treatments were begun. 
Total sanocrysin = 6.50 gm., equivalent to 2.431 gm. Au. 
Total gold eliminated through kidneys = 0.7567 gm. Au. 

Percentage eliminated = 31.1. 


TABLE 5 
Gold recovered in the urine two days after first injection 


PATIENT 


AMOUNT OF GOLD 
FOR FIRST INJECTION 


PERCENTAGE 
RECOVERY 


GOLD RECOVERED 
FIRST TWO DAYS 


mgm. 


37.4 


37.4 


37.4 
37.4 


6.68 

5.88 

2.94 
15.5 
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GOLD GOLD 
RECOVERED RECOVERED 
URINE FOR URINE FOR 
INTERVAL INTERVAL 
| mgm. = mgm. mgm. = mgm, 
me 102 14.7 350 | 1223 48.5 
683 8.9 500 852 35.9 
me | 615.6 1000 660 80.1 
= 1000 357 | 107.0 
| | om 513 | 135.8 
— 
— mgm. 
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Of the four patients studied, A. F., who had the highest elimination 
during the first two days following the first injection of sanocrysin, was 
benefited the most by the treatment. This suggests that the initial 
response of the patient to eliminate gold following the first injection of 


-sanocrysin might be a factor worthy of consideration in the criteria for 


the selection of patients favorable to sanocrysin treatment. 

From tables 1, 2, 3 and 4 the following points may be observed: 

1: The maximum quantity of administered gold is eliminated during 
the first week, but gold is present in measurable quantities in the urine 
for a long time. Two of the patients excreted gold for periods of 130 
and 104 days, a third (Z. M.) was still eliminating gold for 94 days, 
when a second series of treatments were begun and the work on this pa- 
tient was discontinued. The fourth patient was excreting gold on the 
47th day, when he left the sanitarium. 

2: In the four patients studied the greatest daily elimination of gold 
rarely occurred during the first 24 hours after an injection of sanocrysin, 
as found by Lomholt (13). Patient Z. M. almost consistently eliminated 
the greatest amount of gold during the third 24-hour period (second day) 
after the sanocrysin injection, while patient J. G. showed a peak of elimi- 
nation usually on the first day (second 24-hour period). 

3: The total amount of gold eliminated through the kidneys may be 
influenced to some extent by the volume of urine excreted. The two 
patients with the highest elimination of gold also had the greatest urinary 
volumes. 


CHEMICAL URINARY STUDIES 


Urinary Volumes: The quantity of urine voided daily is naturally 
influenced by diet, and, although no special diet was given these pa- 
tients during treatment, it must be conceded from the urine-volume curves 
that the urinary output fluctuates in every instance too drastically to 
be caused by diet. During the period of treatment an increase in the 
urinary volume over the preinjection period was observed in two of the 
patients, and in the other two there was, in general, a decrease, with 4 
tendency of all to return to the preinjection period after treatment was 
discontinued (charts 1, 2, 3 and 4). Patient A. F. developed other 
evidence to show that sanocrysin does cause a disturbance in the water- 
balance. Previous to the first injection of sanocrysin the blood count of 
this patient was 4,720,000 erythrocytes and 9,975 leucocytes per cmm. 
of blood. A few hours after the injection the erythrocyte count rose 
to 5,260,000, an increase of 11.4 per cent. The leucocytes were then 


| 
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15190c. m_Preinjection Period 


DESCRIPTION OF CHARTS 


O” Average daily volume for injection periods. 
x Average daily volume for 10 day intervals after injection periods. 
Ordinates: Cubic centimetres of urine. 


CuHart 1. Urine Votume Curve For Patient F. G. 


Preinjection Period 


Caart 2. Urine VoLuME CURVE FOR PATIENT J. G. 


1360cc. 


CHart 3. URINE VoLUME CURVE FOR PatTIENT A. F. 
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10,750, an increase of 7.7 per cent. The fact that an erythrocytosis and 
a leucocytosis existed simultaneously is strongly suggestive of anhydremia. 
Thus the loss of water from the blood could account, at least partially, 
for the increase observed in the urine. An increase in the volume of 
urine usually occurs in insulin therapy, and after the ingestion of such 
drugs as digitalin, salicylates, calomel and the acetates. The disturb- 
ance in the water balance by these various substances may represent a 
similar physiological process. 

The Creatinine Metabolism: A definite conclusion cannot be reached 
concerning the creatinine excretion in tuberculosis from data obtained 
in this study, because meat was not excluded from, the diet, although 
from table 6 the following points are quite evident: 

First, that the creatinine elimination fluctuates with the urea nitrogen, 
the increase over normal with a high urea nitrogen being due to the creat- 


1885 1 


1390 | 


CuHart 4. URINE VoLUuME CURVE FOR Patient E. M. 


inine content of the meat eaten, and representing both endogenous and 
exogenous creatinine metabolism. 

Second, if the creatinine results obtained from the last four urine examina- 
tions made on patient E. M. (table 6), who was very sick and consum- 
ing a practically meat-free diet as indicated by the urea nitrogen, are 
considered, both the total creatinine and the creatinine coefficient are defi- 
nitely below normal. On a meat-free diet the amount of creatinine ex- 
creted per 24 hours for the adult male is from 1 to 1.25 gm. The nor- 
mal creatinine coefficient lies between 7 and 11 and, as defined by Shaffer 
(14), is the number of milligrams of creatinine-nitrogen excreted per 
kilogram of body weight per twenty-four hours. These figures corre- 
spond with those of Raphael and Eldredge (15), and confirm their findings 
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on the creatinine coefficient in far-advanced cases of pulmonary tubercu- 
losis. These investigators found the creatinine coefficient for a group 
of four patients on a meat-free diet of the same classification as Z. M. 
(that is, with far-advanced active tuberculosis and general condition 
serious to critical) to be from 4.5 to 6.9. . 

Since creatinine metabolism is disturbed by tuberculosis, it is difficult 
to ascertain the exact influence of the sanocrysin in the creatinine excre- 
tion, for its effect in this case is less evident than that of tuberculosis. 

In far-advanced tuberculosis there are two opposing conditions that 
influence creatinine metabolism, namely, lessened muscular activity 
accompanying asthenia, which produces a fall in creatinine, and an 
increased tissue katabolism with continued pyrexia, which causes a 
rise. The lowered creatinine coefficient found in far-advanced tubercu- 
losis indicates that the conditions responsible for the fall in creatinine are 
the more dominating factors. 


THE EXCRETION OF ACID AND AMMONTA 


Although it is generally conceded that in most pathological conditions 
there is a tendency toward an increase in acidity of the body fluids, the 
results noted in table 6 do not indicate that a marked degree of acidosis, 
if any, exists in tuberculosis, even in far-advanced types. However, 
these results do not exclude the possibility of the existence of an increased 
acidity of the body fluids in phthisis, but may merely show that the true 
acidity of the body fluids in tuberculosis cannot be estimated by urinary 
examination alone. 

The sum of the ammonia in terms of N/10 acid and the acid titratable 
with phenolphthalein was taken as a measure of the excretion of acids in 
excess of mineral bases, since the entrance of acid into the normal body, 
regardless of its source, is accompanied not only by an increase of acid in 
the urine, but also of ammonia. 

The sanocrysin itself probably has no direct influence upon the acid 
excretion, for a solution of the salt is only slightly acidic (pH 6.4), and 
the findings in the acid excretion are the result of tuberculosis. 

The data on acid excretion present the following points: 


First, the total acidity (titratable acid plus ammonia) is considerably less 
than that in the normal, and was found to decrease directly in the order 
of severity of the disease. This difference undoubtedly is due, in large 
measure at least, to a lower intake of food. 

Second, with three of the patients, the ammonia and titratable acid rose 
and fell together, as under normal conditions. With patient Z. M., 
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the averages for the injection period showed a considerable increase in 
ammonia associated with a considerable decrease in titrable acid from the 
preinjection period. The significance of this is questionable at this time, 
but does show that the kidneys have not lost their power to form am- 
monia, as in severe nephritis. 


SUMMARY 


1. The percentage of gold eliminated in the urine of four patients with 
pulmonary tuberculosis during sanocrysin treatment varied from 31.1 
to 63.8, with an average of 45. 

2. There are decided differences in the response of tuberculosis patients 
to eliminate gold in the urine following the first injection of sanocrysin. 

3. The greatest daily elimination of gold from sanocrysin in the urine 
generally occurred within one to three days. 

4, Gold was found in the urine for from 100 to 130 days. 

5. Sanocrysin appears to cause a disturbance in the water-balance of 
the tuberculous patient. 

6. The excretion of creatinine in the urine is low in patients critically 
ill with phthisis. 

7. The total acid (ammonia plus titratable acid) excreted in the urine of 
far-advanced tuberculosis patients is below normal. 

8. The excretion of acid bodies, as estimated by the determination of 
total acidity, pH and ammonia in the urine, is not altered by sanocrysin. 


We wish to express our sincere gratitude to Dr. K. J. Henrichsen for clinical counsel and 
the opportunity of using the ward cases on his service, and also to Dr. C. E. Cooke for the 
X-ray diagnoses. The diagnoses given in the tables were made at the beginning of the 
treatment. 
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ENDOTHELIAL PERMEABILITY FOLLOWING INJEC- 
TIONS OF SANOCRYSIN!? 


SAMUEL A. LEVINSON, WILLIAM F. PETERSEN anp GEORGE MILLES 


During the course of experiments in our studies of alterations in cell- 
ular permeability, we have examined changes in the lymph that occur 
during various conditions, such as anaphylactic shock, arsenic injections, 
tuberculin, etc. (1). Particular attention, however, has been paid to 
alterations in endothelial permeability and their relation to the tuber- 
culous focus (2). The observations made from the latter experiments 
have shown that the endothelial cells normally function as regulators of 
the physiological exchange between the vascular channels and the tissue 
cells. Changing the surface permeability is characteristic of every cell, 
so that during periods of increased function, such as irritation or work, 
there is an associated increased permeability. In contradistinction to 
this, rest is associated with a diminished permeability. 

Wherever increased function goes over to the stage of fatigue, the 
permeability is further increased, and the changes occurring at the sur- 
face film of the cell become less freely reversible. If death takes place 
the cell becomes freely permeable. Normally the endothelial cell may 
be altered by stimuli coming through the nervous system or directly 
from the blood-stream or the tissue cells. The reason that we have 
emphasized the importance of the endothelial cell is because it acts as a 
membrane, and the changes in the permeability of the surface film af- 
fects not only the passage of fluid and solids to the interior of the indi- 
vidual cell, but also modifies the passage of substances to the tissue 
beyond. 

From our previous experiments on the changes of endothelial per- 
meability following tuberculin injections in normal dogs we have observed 
that there is a transient stimulation of the endothelium (increased per- 
meability), followed by a relatively prompt reversal, during which time 


1 From the Department of Pathology, University of Illinois, College of Medicine, and the 
Research Laboratories of the Municipal Tuberculosis Sanitarium, Chicago, Illinois. 
2 Presented at the twenty-third annual meeting of the National Tuberculosis Association, 
Indianapolis, Indiana, May 23-26, 1927. 
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the endothelium is less permeable. Should chronic inflammatory lesions 
of any nature exist in the body (blastomycosis, leprosy, arthritis) the 
increase in permeability may be sufficiently great to initiate a focal re- 
action. If some condition exists such as asthma, improvement may 
follow the injection of tuberculin when the state of impermeability 
supervenes. 

When we inject tuberculin into an animal with sensitized endothelium 
a considerable lymphogogue effect, with relatively prolonged increase in 
permeability, may take place. If no labile tuberculous areas are present 
in the body no focal reaction will result. 

When we inject tuberculin into a tuberculous animal one of several 
possibilities must be considered. ‘The endothelium may respond with an 
increase in permeability that may persist for a long time (shock effect); 
or the endothelium may respond with a relatively short period of in- 
creased permeability and then become less permeable. In the latter 
case two possibilities still may enter. The foci may be stimulated, and, 
as a result, sufficient toxic material may diffuse out, to cause a secondary 
effect on the capillaries. Or the foci may be only transiently stimulated 
and then become less permeable, in which case practically no secondary 
effect will be observed in the capillaries. This would be the condition 
usually desired in therapeutic effects. 

Tuberculin differs from other agents only in the fact that the cells of 
the infected body react more rapidly and more violently to it, but the 
general direction and effect is the same as when other agents are used, 
such as small injections of salt, sugar, arsenic, cinnamic acid, etc., all 
of which bring about alterations in endothelial permeability of the nature 
similar to those due to tuberculin. 

Recently a great deal of interest has been centered on the use of San- 
ocrysin by Moellgaard as a treatment for tuberculosis. Observations 
made by the European investigators, particularly in Denmark, might 
indicate a favorable result from Sanocrysin treatment in tuberculosis 
patients. There are many observations, however, particularly by the 
German investigators, which do not seem to corroborate the reports of 
the Danish investigators. McCluskey and Eichelberger (3), who studied 
tuberculous and normal dogs, came to the conclusion that the intra- 
venous injection of Sanocrysin causes oliguria and a diminution in the 
excretion of urea, chloride and creatinine. They also concluded that 
there appears to be a more permanent injury to the kidneys following 
higher doses (20 mgm. per kilo) and that their observations do not agree 
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with those of Moellgaard. In tuberculous dogs Sanocrysin is eliminated 
principally through the urinary tract over a period of from eighteen to 
thirty days, while in a normal dog this drug is excreted principally by 
the kidneys over a period of approximately thirty days. Within thirty 
minutes the gold appears in the urine. These authors further conclude 
that their urinary findings on tuberculous dogs are neither consistent nor 
in agreement with the observations made on nontuberculous dogs, and 
they believe the divergence may be due to the presence of two simul- 
taneous stimuli, Sanocrysin and the toxins from tubercle bacilli. 

The introduction of Sanocrysin medication in the treatment of tuber- 
culosis has led us to the study of the effect of this drug on endothelial 
permeability. 

METHOD 

We have used dogs exclusively in this work. Thoracic-duct cannulas were inserted under 
local anesthesia; we have avoided general anesthetics because of the marked effects which 
these have on the permeability of the cells. If the animals were restless for any considerable 
period after the operation they were discarded. Our animals were kept under constant 
observation from 3 to 17 hours, and in one instance for 24 hours, and continued again the 
following morning. Samples of lymph were collected for 15-minute periods. When the 
flow of lymph was relatively small, pooled samples were used for analysis. From these 
samples we have made the following determinations: lymph protein, carbon-dioxide com- 
bining power, sugar, calcium and potassium, and in some instances cholesterol. Leucocyte 
counts were made every 5 to 15 minutes; the temperature of the animal, as well as lymph- 


volume, was recorded. In these experiments we have used both normal and tuberculous 
dogs. The sanocrysin used was supplied to us by Parke, Davis and Company. 


NORMAL ANIMALS 


Chart 1 is that of a normal dog which received 0.1 gm. Sanocrysin 
intravenously. In this experiment we observe very little change. The 
lymph volume is constant during the control period, and immediately 
following the injection of sanocrysin there is an increase in the outflow 
of lymph, which is associated with a slight increase in lymph-protein and 
CO.-combining power. The sugar and leucocytes are also increased. 
This is followed by a diminution in the lymph outflow. The leucocytosis 
continues, and the lymph-protein is markedly increased. 

Experiment 4, chart 2, is that of a normal dog which received 0.5 gm. 
of Sanocrysin. In the control period, before injecting the gold, there 
is a tendency for the lymph-volume to increase, the sugar and protein 
increasing in amounts, and the leucocyte count is altered. Following 
the injection of the Sanocrysin, the lymph-volume is slightly diminished, 
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and after a transient leucopenia the leucocyte count goes up; at the same 
time there is a transient increase, then a drop in lymph-protein and sugar. 

Experiment 5, chart 3, is that of a normal dog which has been starved 
for 3 days. The low K/Ca ratio and the high leucocyte count (anda 
possible acidosis) are probably caused by the starvation. The amount 
of Sanocrysin injected was 0.5 gm. There was an increase in volume 
which lasted for approximately one hour after the injection. It will 
also be noted that there was a distinct rise in the lymph-sugar immedi- 
ately following the injection, then a drop, and a sharp rise at the end of 
the experiments. 

The potassium-calcium ratio remained practically unaltered. 

Experiment 6, chart 4, is that of a normal dog, starved for 3 days, 
which received 0.5 gm. of Sanocrysin. This experiment was carried 
over a period of 7 hours. There was a slight decrease in lymph-volume 
following the Sanocrysin injection, and this was followed by a return to 
the high rate of flow which was maintained to within one hour of the 
end of the experiment. The leucocytes increased gradually until the end 
of the experiment. The protein concentration in the lymph was low at 
the beginning and, with the exception of an occasional rise, remained 
fairly constant. The K/Ca ratio, which was normal at the beginning 
of the experiment, increased, and the ratio tended to remain high. Be- 
tween 1 and 2 p.m., there was a relative parasympathetic phase, which 
was manifested by a lowering of the K/Ca ratio and the change in the 
CO.-combining power. There were a maximum lymph-volume and 
leucocyte count at this time. . 


TUBERCULOUS ANIMALS 


Experiment 15, chart 5, is that of a tuberculous dog, which had not 
received Sanocrysin. This experiment is a typical control in this group, 
and has been carried over a period of 143 hours. The dog was very 
restless toward midnight, and the experiment was discontinued, and the 
specimens were collected the following day for final determination. We 
divide the results of this observation into 4 periods. In the first period 
(13 hours after the beginning of the experiment) the lymph-volume is 
high and the protein is high. This is associated with a diminution in 

-the sugar-content, and the calcium is being released by the tissue cells 
into the lymph. This is indicative of a splanchnic or a parasympathetic 
orientation. During this period the potassium-calcium ratio is low, and 
there is also an associated acidosis. The second period is the following 
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3 hour, during which the K/Ca ratio and sugar rise while the protein 
and lymph-volume are diminished. This is a sympathetic effect. In 
the third period (of 3 hours) there are fluctuations in the different curves. 
During the fourth period (from 2.30 p.m. until midnight) the animal was 
restless most of the time. Here we note a sympathetic reaction, which is 
manifested by an increase in sugar-content of the lymph, and a distinct 
rise in the K/Ca ratio. The lymph-volume is diminished. Throughout 
the entire experiment the CO,-combining power is practically unchanged, 
but the temperature curve shows, first, a drop from 102.8° to 101°F. and, 
at the end of the experiment, a gradual rise to its original level. The 
leucocytes also show a gradual rise. 

Experiment 12, chart 6, is that of a tuberculous dog which received 
1 gm. Sanocrysin intravenously. This experiment was carried out over 
a period of 53 hours. Previous to the injection of the Sanocrysin it is 
noted that the lymph protein is high (55 per cent), and the sugar and 
leucocytes are increased over the average normal for a dog. There is, 
first, a relatively high K/Ca ratio, and this immediately begins to decline. 
Following the injection of Sanocrysin there is a diminution in the lymph- 
volume and a further decline of the K/Ca ratio. Then, after one hour, 
a marked change sets in. The K/Ca ratio reaches a low level, and the 
lymph-volume, sugar and protein all increase, with a peripheral leuco- 
penia. This phenomenon can be interpreted as evidence of a splanchnic 
parasympathetic and a peripheral sympathetic orientation. Toward the 
end of the experiment there is a complete reversal of these findings, in 
which the K/Ca ratio increases, and the lymph-volume, protein and 
sugar show a marked decrease. The leucocytes, however, go up; and 
this is quite characteristic, for as the lymph-volume diminishes the 
leucocytes increase in the peripheral circulation. 

Experiment 13, chari 7, is that of 4 tuberculous dog which received 0.5 
gm. Sanocrysin. This experiment was carried over a period of 17 hours, 
when the animal died. During the control period the lymph-protein and 
sugar were high. Despite the normal K/Ca ratio the dog shows a rela- 
tive acidosis, as the CO.-combining power of the lymph was 40. Fol- 
lowing the injection, for a period of 2} hours, there is a steady decline 
in the K/Ca ratio. The lymph-protein still remains very high, and the 
acidosis increases. The lymph-volume is increased following the injec- 
tion, and the sugar remains high and is more or less constant. The end 
of this 23 hour period seems to coincide with the low cholesterol values. 
The final period shows a few interesting changes, in that there is a marked 
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decrease in the lymph-volume and a sharp increase in the sugar output 
which is promptly followed by a terminal diminution. This may be as- 
sociated with an exhaustion of the glycogen of the liver. The K/Ca 
ratio shows a very slight increase, but there is an associated acidosis. 
The cessation of the lymph in the final period of the experiment has, as 
its parallel, a diminution in the lymoh-protein and a marked increase 
in the leucocyte count. The temperature gradually increased toward 
the end of the experiment until the animal died. 

Experiment 14, chart 8, is that of a tuberculous dog, which received 
0.1 gm. Sanocrysin. This experiment was carried over a period of 13} 
hours, and the animal was killed at the end of the experiment, as there 
was no lymph flowing for almost 3 hours. During the control period 
preceding the injection of the drug the animal shows evidence of a sym- 
pathetic effect, which may be due to a release of adrenalin as a result of 
the operation and excitement. This is made evident by a rise of the 
K/Ca ratio and a marked increase of sugar. The lymph-volume and 
the protein are diminished. The CO.-combining power of the lymph is 
high at the beginning of the experiment, and gradually diminishes. The 
first effect following the injection of Sanocrysin is apparently in the same 
direction. ‘The protein remains unaltered, and the leucocytes go down, 
while the sugar continues to increase. This stage is followed by the 
parasympathetic effect or that of stimulation, which is manifested by the 
lowered K/Ca ratio, the decrease in the CO.-combining power of the 
lymph, and a lowering of the sugar content. The protein, however, 
remains unchanged. The dog had two chills. These were associated 
with a drop in the K/Ca ratio and of the leucocytes. With recovery 
from the chill the leucocytes and the K/Ca ratio increased. Then a 
period of recovery takes place between 4 and 5 p.m., which is largely 
sympathetic. At this time the K/Ca ratio begins to increase, and the 
CO.-combining power goes up. The lymph-volume is diminished, and 
there is a lowering of the lymph-protein. For the following 3 hours 
there was a cessation of the lymph-flow, and the animal was killed. 
Again it is noted that as the lymph-volume diminished the leucocytes 
gradually increased. 


DISCUSSION 


When we survey the alterations that are found in the thoracic lymph 
after the injection of Sanocrysin, the results are by no means so clear- 
cut as one might expect. One must take into consideration the various 
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possibilities offered by the pathological tissue in modifying the biological 
reactions with which we are dealing. Nevertheless, the experiments 
which we are presenting may afford an insight into the processes which 
underlie the possible mechanism of Sanocrysin therapy. 

The use of gold in medicine dates back to at least the eighth eeateny. 
It was then advocated as a cure for every known disease. Later Para- 
celsus recommended it as a so called Elixir of Life. Koch in 1890 re- 
ported that gold cyanide was entirely without influence in the animal 
body. Since this time many investigators have at various times re- 
vived the usage of various gold compounds in the therapy of tubercu- 
losis. Recently Feldt (4) introduced Krysolgan, which exhibits a marked 
tuberculin-like effect on tuberculous lesions. Heubner (5) has proposed 
the theory that gold owes its effect to a toxic action on the capillary 
endothelium, and states that it may also act as a catalyst which stimu- 
lates autolysis in the tubercles; any effect on the tubercle bacilli is sec- 
ondary to this action on the tubercle. Gelpe (6) has noted the toxic 
effect of gold salts upon the capillaries of cats and dogs. He found that 
within a few minutes after injection there was hyperemia and hemor- 
rhage into the pulmonary alveoli. DeWitt and her associates (7) have 
investigated various gold compounds, and concluded that their use is too 
uncertain in effect and dangerous to make gold therapy ever a treatment 
of choice. Within the past few years Moellgaard has introduced San- 
ocrysin (sodium-auro-thio-sulphate) as an alleged specific in the therapy 
of tuberculosis. Before entering upon the discussion of the effect of 
Sanocyrsin on endothelial permeability we should like to discuss briefly 
the question of permeability of the endothelial cells in normal and tu- 
berculous dogs. 

In the normal dog, when Sanocrysin is injected, important changes 
occur, not only in the endothelial cells but in other tissues as well. At 
first there is evidence of a primary stimulation, which is manifested by 
an increase in lymph-flow. With small doses of the drug we are dealing 
with a transient stimulation of the endothelium, which may be followed 
by a relative impermeability, and during this time the flow of lymph is 
slightly diminished. Associated with this change there may be a sym- 
pathetic stimulation of the liver and an increase in the sugar-content. 
Sanocrysin cannot be considered as an indifferent substance for the ani- 
mal economy, and may act very similarly to tuberculin when injected 
into a normal animal. 

In a tuberculous animal there are changes which occur in the organism 
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which make the condition more complicated. The endothelium of a 
tuberculous animal reacts more rapidly and intensively. The direction 
takes the line-stimulation, fatigue and death, all ordinarily associated 
with increased permeability. The difference, however; lies in the rela- 
tive response. In some previous experiments, which we have reported, 
we have shown that in an animal with peptone shock a small dose is 
accompanied by a transient increase in permeability, followed again by 
an impermeability (reversal). If the dose is larger this condition reaches 
the stage of fatigue and death, with evidence of a marked increase in 
permeability. Similar changes may also occur in a tuberculous animal. 

With Sanocrysin, on the other hand, as with any other heavy metal, 

we may have a change in the surface of the endothelial cell comparable 
to coagulation,—a fixation of the lipoprotein combinations which make 
up the cell-membranes,—with resulting impermeability, as is made evi- 
dent by the rather striking cessation of the lymph-flow after some of the 
Sanocrysin injections. This process of coagulation may be associated 
with a fatal termination. On the other hand, the cessation of the lymph- 
flow may be due wholly to a retention of fluid by the tissue cells of the 
body. 
- The examination of our protocols shows that small doses will produce 
a-transient stimulation, which is followed by a relatively prolonged im- 
permeability. An important factor which must be taken into considera- 
tion is the degree of sensitization, the dose of tubercle bacilli injected, 
and the duration of the period during which the antigenic material has 
come in contact with the endothelium and parenchymal cells. 

An interesting fact, which must be seriously considered at this moment, 
is the distribution and localization of tubercles throughout the body. 
Some of the lesions which are scattered throughout the body may be 
stable or relatively impermeable. Others may be recent, consisting of 
relatively loose aggregates of newly formed cells, with bacteria, toxic 
masses and necrotic debris at the centre. A structure of this kind may 
be relatively permeable and susceptible to alterations in permeability. 
There are four factors which must be considered: (1) the cells are all 
young, (2) many of them are of endothelial origin, (3) they are more or 
less under a constant stimulus (irritation) from the toxic material of the 
necrotic forms, and (4) the cells are specifically sensitized. 

If Sanocrysin is injected into such a sensitized organism there is not 
only alteration in the vascular endothelium and a possible stimulation 
or fatigue of parenchymal cells, but there is also a change in the per- 
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meability of the tubercle. The effect on the latter may be immediate, 
following the injection of the drug, or a considerable time after the in- 
jection. There may be, first, a transient stimulation with only a slight 
liberation of toxic material from the central necrotic forms, which may 
be followed by a period of relative impermeability. Second, fatigue 
may set in with increased and prolonged permeability, and this may be 
associated with a liberation of much toxic material from the focus, and 
this latter may affect the entire vascular endothelium all over the body. 
This process may still be reversible and the organism recover. Third, 
the alteration in permeability at the focus may be so great that sufficient 
toxic material may be liberated to kill the animal very promptly after 
the injection. 

Our experimental observations with the use of Sanocrysin in normal 
and tuberculous dogs seem to substantiate the above concepts. Whena 
relatively large dose of Sanocrysin is given to a tuberculous dog (experi- 
ment 13) we observe, during the control period, a large flow of lymph, 
a slight acidosis, high lymph-protein, and high sugar, but a normal K/Ca 
ratio. When the drug is injected there is a slight disturbance in the 
autonomic balance, which is manifested by a fluctuation in the leucocyte 
count. Following the injection there is a marked drop in lymph-volume, 
and, toward the end of the experiment, cessation of lymph-flow and a 
decrease in lymph-protein. The sugar and CO,-combining power are 
lowered. When we compare this condition with the results of the in- 
jection of a similar dose of Sanocrysin in a normal dog its accentuation 
is quite striking (protocol 6). Here we are dealing with the lymph- 
volume, which is practically unaltered, and the lymph-protein is changed 
very little. The sugar and CO,-combining power show very slight 
fluctuations, and the K/Ca ratio is increased. 

A tuberculous animal, which has not received any injection of San- 
ocrysin, shows practically no changes other than those which occur in 
a sensitized animal. In experiment 15 the CO,-combining power (acido- 
sis) and lymph-protein are unaltered. The K/Ca ratio is low at the 
beginning of the experiment (parasympathetic effect). The lymph- 
sugar is increased toward the end of the experiment, and the lymph- 
volume is diminished. These fluctuations in the curve in this experiment 
may be due to the fact that the animal was quite restless, and epinephrin 
was probably liberated. 

Reasoning from the above observations, it is obvious that in the nor- 
mal animal the capillaries are unaffected, and any change which may 
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occur may be the result of the injection of Sanocrysin, which is an en- 
dothelial toxin. In a tuberculous animal the capillaries are altered, and 
the numerous experiments by Petersen and his associates (8) (blister 
experiments) have shown that in tuberculosis the capillaries are at times 
highly permeable. With injured capillaries we observe not only an in- 
creased permeability, but the volume of lymph is stained with bile. 
The CO.-combining power is lessened. In tuberculous animals the liver 
is usually involved, and this is evident by the elimination of bile, relative 
fatigue of the liver with a change in the sugar content, and an acidosis. 
In the sick animal, using larger doses of Sanocrysin, the acidosis may be 
increased and the K/Ca ratio may be lowered. A sympathetic effect 
may follow the injection of small doses of Sanocrysin, which is charac- 
terized by a reduction in the lymph-volume and an increase of the K/Ca 
ratio. 
CONCLUSIONS 


Experiments made on normal and tuberculous dogs by means of lymph 
analysis following the injection of Sanocrysin indicate that the Sanocry- 
sin may have an effect similar to tuberculin when given in small doses 
(transient stimulation followed by relative impermeability), or may be 
followed by a more severe toxic effect, associated with marked changes 
inthe K/Ca ratio, and in the volume and concentration of the lymph- 
flow, etc. The effects on normal dogs are much less marked than on 
dogs with tuberculous lesions. 
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THE ISOLATION OF TUBERCLE BACILLI FROM CON- 
TAMINATED TUBERCULOUS MATERIALS 


H. J. CORPER anp NAO UYEI! 


Since Koch first isolated tubercle bacilli from tuberculous materials in 
1882, two significant advances have been made in the technique of iso- 
lation of the bacilli from contaminated materials. The first important 
improvement was the proposal of the antiformin method of Griffith 
(1) and the other the introduction of the sodium-hydroxide method of 
Petroff (2). A comparison of these two methods (3) has shown Petroff’s 
method to be decidedly superior to the antiformin method, and the former 
has now been universally accepted as the most satisfactory method for 
obtaining primary cultures from contaminated sources. 

In spite of the original claims that it was possible to obtain successful 
primary cultures in a high percentage of cases (129 out of 135 positive 
sputums, or 95.5 per cent), an exhaustive evaluation of Petroff’s method 
by other investigators shows a decidedly lower percentage of primary 
cultures obtainable. Mitchell and Simmons (4) obtained primary cul- 
tures from 28 sputa out of 35 specimens (80 per cent), Keilty (5) 12 out 
of 18 samples (66.6 per cent), Stewart (6) 24 out of 37 samples (64.8 per 
cent), and Corper, Fiala and Kallen (7) 144 out of 526 samples (27.3 
per cent). These figures indicate that there is still ample room for im- 
provement over the Petroff method of isolation. 

Recently Dold (8) suggested the possibility of isolating tubercle bacilli 
from tuberculous materials by using urea to destroy contaminators, and 
Léwenstein (9) proposed a new acid method for isolating them. The 
advantages and disadvantages of these latter methods over Petroff’s 
method have not yet been fully appraised. In the following study are 
reported the results of (1) investigating the possibility of substituting the 
more uniform and standard crystal violet or methy! violet now obtainable 
for the gentian violet of uncertain composition used in Petroff’s medium, 
(2) an endeavor to find a better reagent to replace sodium hydroxide as a 
bactericide for the contaminators usually present in sputum, and (3) 
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an attempt to find a better culture medium for the isolation of tubercle 
bacilli. 


1. COMPARISON OF THE VALUE OF CRYSTAL VIOLET TO REPLACE GENTIAN 
, VIOLET IN THE CULTURE MEDIUM 


The purpose of the addition of gentian violet by Petroff to an egg- 
meat-infusion medium was to inhibit the growth of such contaminating 
microérganisms as were not destroyed by the previous sodium-hydroxide 
treatment. Another advantage of the use of the dye in the medium con- 
sists in the possibility of early detection of the growth of the tubercle 
bacilli as a result of the contrast between the cream-colored colonies on 
the violet background of the medium. 

Prior to the World War, the Griibler Company, or Griibler and Hol- 
born of Germany, were practically the sole distributors of the biological 
stains used in this country. In 1922 the Commission on Standardiza- 
tion of Biological Stains was organized in this country with H. J. Conn as 
Chairman, to meet the postwar unstable conditions of the biological dyes 
available in America. This Commission found itself in a difficult posi- 
tion in defining the dye or dyes termed “gentian violet,” since in prewar 
days the term “gentian violet” was not applied to any pure or definite 
dye but to a poorly defined mixture of violet rosanilines. However, the 
Commission, after investigations, defined gentian violet as either penta- 
methyl or hexa-methyl pararosaniline, or as a mixture of methylated 
pararosanilines, composed primarily of the two compounds just named 
and having a shade at least as deep as that recognized in the trade as 
methyl violet 2B (10). The Commission further recommended the use 
of crystal violet as a more uniform substance in place of gentian violet. 

As far as a search of the available literature was possible, no study of 
the action of crystal violet or related dyes, sold under the name of gen- 
tian violet on the American market, on the growth of tubercle bacilli 
was found. It was reasonable, therefore, to question whether these dyes 
could be used in place of gentian violet, and in the same concentration as 
in Petroff’s medium, for the primary isolation and subculturing of tuber- 
cle bacilli. To the bacteriologist and pathologist, using Petroff’s method 
for isolating tubercle bacilli, this question assumes importance. In 
studying this problem four samples of crystal violet and one sample of 
methyl violet, all sold as gentian violet on the American market, were 
used, in order to note their effect upon the growth of tubercle bacilli. 
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ISOLATION OF TUBERCLE BACILLI 


The dyes tested were as follows: 


Sample I. Griibler’s gentian violet 
II. Crystal violet obtained from the National Aniline and Chemical Company and 
sold by them as gentian violet 
III. Crystal violet from the Empire Bio-Chemical Company and also sold as 
gentian violet 
IV. Crystal violet from the Hartman Leddon Company and also sold by them as 
gentian violet 
V. Methyl violet from Coleman and Bell and also sold as gentian violet 
VI. Crystal violet from Coleman and Bell 


The dyes were dissolved in 95 per cent alcohol and introduced into 
Dorset’s egg medium in concentrations of (a) 1:1000, (b) 1:5000, (c), 


TABLE 1 
The effect of Griibler’s gentian violet upon the growth of tubercle bacilli on egg media 


CONTROL ON GENTIAN VIOLET (GRUBLER’S) IN EGG MEDIUM 
EGG MEDIUM 

ALONE 
0.1 per cent | 0.02 per cent | 0.01 per cent | 0.002 per cent 


STRAIN OF BACILLI TESTED 


Gluckson (virulent human 


Human Avirulent (avirulent 
human bacilli) 

Bovine Virulent (virulent bo- 


Bovine D (avirulent bovine 


* The growth of bacilli is recorded from “0” = no discernible growth to “4,” a profuse or 
excellent heavy growth. The figure recorded is an average of the reading of four tubes in each 
case, fractions being omitted and the nearest whole number being recorded. The tubes were 
seeded with 3 to 4 drops of a fine suspension of the bacilli containing 75 mgm. of young, 
actively growing bacilli (about 1 to 2 months old) per cubic centimetre of liquid. 


1:10,000, and (d) 1:50,000. Four strains of tubercle bacilli, namely 
“Gluckson” (a virulent human bacillus), “Human” (an avirulent human 
bacillus), “Bovine Virulent” (a virulent bovine strain). and “Bovine D” 
(an avirulent bovine strain), were seeded by the suspension method (us- 
ing 3 to 4 drops of a fine suspension containing 75 mgm. per cc.) on four 
tubes each for each concentration of the dye, and incubated at 37°C. 
As a control Dorset’s egg medium without the dye was used. Table 1 
gives the results of an experiment with Griibler’s gentian violet, which 
may be taken as the standard for comparison with the action of the other 
dyes on the growth of tubercle bacilli. 
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As seen in table 1, Griibler’s gentian violet in 0.1 per cent concentra- 
tion exerts a slight inhibitory action on the growth of tubercle bacilli, and 
it is obvious that this concentration is unsuitable in the egg medium used 
for the primary isolation of the bacilli, while a concentration of 0.02 per 
cent or less permits growth of the tubercle bacilli unhampered when 
heavy seedings are used. In order to ensure absence of inhibition a 
0.01 per cent concentration was adopted by Petroff in his original method. 

All the other dyes studied in this experiment were found to act about 
the same as Griibler’s gentian violet, the only difference being that they 
exerted a slightly greater inhibitory action on the growth of the tubercle 
bacilli in concentration of 0.1 per cent, and in some cases still exerted a 
faint inhibitory effect in concentration of 0.02 per cent, while at 0.01 and 


TABLE 2 
The bacteriostatic action of crystal violet (Empire Biochemical Company) in egg media 


CONTROL ON CRYSTAL VIOLET IN EGG MEDIUM 
EGG MEDIUM 
ALONE 


0.1 per cent | 0.02 per cent | 0.01 per cent | 0.002 per cent 


STRAIN OF TUBERCLE BACILLI USED 


Gluckson (virulent human 


Human Avirulent (avirulent 
human bacilli) 

Bovine Virulent (virulent bo- 
vine bacilli) 
Bovine D (avirulent bovine 


* The numerals have the same significance as in table 1. 


0.002 per cent concentration growth occurred equally well to that in the 
control. The slightly more efficient bacteriostatic action of the crystal 
violet or methyl violet over gentian violet would appear to bear out the 
results of other investigators. with other bacteria. 

These results would make it appear safe to use any of the dyes tested, 
in 0.01 per cent concentration, to replace Griibler’s gentian violet in 
Petroff’s egg medium for primary isolation of the tubercle bacilli from 
contaminated materials. As an example of the bacteriostatic action 
found, table 2 records that for crystal violet obtained from the Empire 
Biochemical Company. Before concluding a consideration of the action 
. of the dyes it may be well to point out that a bacteriostatic action of 
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these dyes occurs in far greater dilution in glycerol-agar medium and the 
use in 0.01 per cent concentration applies only in Dorset’s egg medium. 
In glycerol-agar media tubercle bacilli failed to grow even in so low a 
concentration as 0.001 per cent of crystal violet (National Aniline & 
Chemical Company). 


2. A COMPARISON OF' VARIOUS REAGENTS FOR PRELIMINARY TREATMENT 
OF POSITIVE SPUTA TO DESTROY UNDESIRABLE CONTAMINATORS 


For the purpose of comparing the value of different germicides to 
be used for isolating tubercle bacilli, the following criteria were considered 
of importance in choosing the most suitable substance for this purpose: 


1. It must be an efficient germicide for all contaminators and not be injurious or detri- 
mental to the growth of tubercle bacilli. 

2. It must be of low toxicity for tubercle bacilli in a wide range of useful concentrations. 

3. It must be easily obtainable on the market and of reasonable purity. 

4, It should require no special ability in preparation or use and but a minimum amount 
of manipulation, thus making it available to the average technician in successful primary 
cultivation of tubercle bacilli. 


It is almost impossible to select a reagent satisfying all the foregoing 
ideal requirements. In general, if a substance possesses a strong germi- 
cidal action upon contaminators it also exercises a more or less toxic 
action upon the tubercle bacilli as well. For the sake of simplicity, opera- 
tions such as incubation, neutralization and centrifugation, and washing 
should be obviated as far as possible without impairing the efficacy of 
the method for isolating the tubercle bacilli. 

With the foregoing considerations in mind, a standard procedure was 
outlined and used, adhering in general to the technique prescribed by 
Petroff; and the action of other reagents in destroying contaminators was 
studied, with the idea of finding more suitable ones for isolating tubercle 
bacilli in contaminated materials. 

The standard procedure used was as follows: 


One cubic centimetre of microscopically positive sputum was introduced into 
a sterile 15-cc. centrifuge tube, together with an equal volume of the reagent 
(in case of a liquid reagent) or a weighed amount of the substance (in case of a 
solid reagent) under investigation. The contents were thoroughly mixed and, 
after incubation for a definite interval, the contents were diluted to about 15 cc. 
with sterile water, mixed and centrifugated. The supernatant liquid was 
poured off, and three culture-tubes, containing Petroff’s gentian-violet-egg 
medium, were planted with the residual fluid. The tubes were then placed in 


304 H. J. CORPER AND NAO UYEI 


an’ incubator at 37°C. Weekly examinations of the tubes were made for 
evidence of growth of tubercle bacilli or contaminators. In case of evidence of 
growth of tubercle bacilli confirmatory tests were made by staining smears 
from the colonies by the Ziehl-Neelsen method (11). 


Throughout the experiment, four different time intervals of incubation 
were used—15 minutes, 30 minutes, one hour, and 2 hours, to evaluate 
the action of the reagent. In calculating the percentage of contamina- 
tion or of isolation of tubercle bacilli, the total number of tubes inoculated 
for each interval was taken as a basis if not otherwise stated. If, for 
example, four sputa were used for testing one reagent and three tubes 
had been inoculated for each sputum for the 15-minute period, and in two 
tubes the tubercle bacilli grew, the percentage of successful isolations 


TABLE 3 


Efficiency of sodium hydroxide in destroying contaminators in the sputum when used as a reagent 
for the isolation of tubercle bacilli 


15 MINUTES 30 MINUTES 1 HOUR 2 HOURS 


CONCEN- Percentage Percent- Percent- 


TRATION OF of ° i age of S age of 
NaOH tage positive Per tage _positive positive positive 
USED isolations isolations isolations isolations 


contami- contami- 


rs) re) 0. of 
nations tubercle | | tubercle | | tubercle | | tubercle 


bacilli bacilli bacilli bacilli 


58 8 67 0 67 
58 0 41 0 8 
33 8 17 0 41 


would be 2 out of 12, or 17 per cent. Contaminators detectable only 
after the fifth week were not counted as contaminators, since these 
were mostly due to molds finding their way through the cotton plug 
into the culture tube, while growth of contaminators detected within the 
fourth week was designated as due to contamination not destroyed by 
the reagent, regardless of whether it was due to the inefficient germicidal 
action of the reagent or to faulty technique. 

As a standard for comparison, sodium hydroxide, in the concentrations 
of 2, 3 and 4 per cent, was used on four microscopically positive sputa for 
each concentration. Examinations for growth were continued to the 
tenth week, or in some cases to the fourteenth week. The results with 
sodium hydroxide are recorded in summary in table 3. 

If the growth of tubercle bacilli, in any one of the tubes inoculated from 
the residual fluid after a certain interval of incubation with one of the 


2 0 
0 
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concentrations of reagent, is taken as a proof of positive isolation, the 
percentage of positive isolations may be considered to be 92, since eleven 
out of twelve sputa used in the experiment gave growth. However, 
the sputa used were heavily laden with bacilli. 


A. Urea as a Reagent for Desiroying Contaminators 


In order to study the possibility of using crystalline urea as a reagent 
for isolating tubercle bacilli, as recommended by Dold, powdered urea 
was introduced into a centrifuge tube containing positive sputum, and 
the standard technique, as previously used for sodium hydroxide, was 
followed. Four heavily positive sputa were used for each concentration 
of urea studied. The results are recorded in table 4. 


TABLE 4 
Powdered urea as a reagent for destroying contaminators in the isolation of tubercle bacilli 


15 MINUTES 30 MINUTES 1 HOUR 2 HOURS 


Percentage 
of 


contami- 
nations 


Percentage 
of 
positive 


tubercle 
bacilli 


Percentage 
of 


contami- 
nations 


Percentage 
of 


positive 
isolations 


tubercle 
bacilli 


Percent- 
age of 
contami- 
nations 


Percent- 
age of 
positive 
isolations 
tubercle 
bacilli 


Percent- 
age of 
contami- 
nations 


Percent- 
age of 
positive 
isolations 
of 
tubercle 
bacilli 


per cent 
50 
75 
100 


41 0 50 0 
40 0 25 0 
0 0 33 0 


41 0 
25 0 
33 0 


33 0 
50 0 
33 33 


*The concentration of urea recorded in this table indicates the concentration of urea 
added and contained in the mixture of urea and sputum. Thus, 75 per cent urea concen- 
tration indicates a mixture of 1 cc. of sputum and 0.75 gm. of tirea. 


Urea possesses an advantage in the ease with which it can be mixed 
with sputum, as well as in its solvent action on mucus-containing sub- 
stances and in that the resulting mixture is not so stringy as that result- 
ing from the use of sodium hydroxide. But, as seen from table 4, urea 
is practically valueless in the primary isolation of tubercle bacilli, since 
there results with its use a high percentage of contaminations, as well as 
only a small percentage of primary cultures of tubercle bacilli. 


B. Sodium Carbonate and Ammonium Hydroxide as Reagents for 
Destroying Contaminators in Isolating Tubercle Bacilli 


The exact reason for the slight to only moderate germicidal action of 
urea upon contaminators is not known, but it is probably, to some extent, 
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associated with its alkaline reaction in concentrated solutions. For this 
reason, it was decided to determine the value of a few weakly basic sub- 
stances, such as sodium carbonate and ammonium hydroxide, on the 
contaminating bacteria. The results of these studies are recorded in 
tables 5 and 6. 

Table 5 reveals that sodium carbonate, even in concentration as high 
as 40 per cent, does not prevent the development of the contaminators. 
This is probably accounted for by the fact that it has a coagulating rather 
than a solvent effect upon the soluble substances (mucus) in the sputum, 
which prevents an efficient germicidal action on the contaminators. 


TABLE 5 
The action of sodium carbonate (anhydrous) on the contaminators in tuberculous sputum 


15 MINUTES 30 MINUTES 1 HOUR 2 HOURS 


age o age o -| -| age of 
age of Positive age of positive (positive positive 
contami- | S°lations | contami. |0lations| contam- | #8°lations 
nations tubercl e nations tuber cle Inations tubercl le inations tubercle 
bacilli bacilli bacilli bacilli 


Percent- Percent- 


25 
25 


TABLE 6 
The action of ammonium hydroxide on the contaminators in tuberculous sputum 


2 100 100 100 
4 17 0 
6 0 6 
4 0 8 


Aside from permitting a large percentage of contaminations to occur 
sodium carbonate also gave only a small percentage of primary cultures 
of tubercle bacilli, which makes it an unsatisfactory reagent for isolation. 

On the other hand, an outstanding feature of ammonium hydroxide 
toward bacteria in the sputum is its strong bactericidal action in concen- 
trations of 1 percent or above. A comparison of table 3 with table 6 
indicates that this action of ammonium hydroxide is equal to that of 
sodium hydroxide. However, ammonium hydroxide yielded no posi- 
tive cultures of tubercle bacilli, while with sodium hydroxide a large 
percentage was obtained. This difference is probably due to differences 


6 . 
| 
REAGENT | 

THE sputum| USED 

20 4 33 0 | 0 41 0 25 8 
40 4 17 7 8 33 0 25 8 
0.1 0 
1.0 0 
3.5 0 
7.0 0 
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in the degree of resistance of tubercle bacilli to the action of these two 
substances. Tubercle bacilli are highly resistant to the action of sodium 
hydroxide; for instance, Corper (12) and Soparkar (13) have reported 
that nearly all of the tubercle bacilli survived when in suspension in saline 
solution, mixed with an equal volume of a 5 per cent sodium hydroxide, 
and incubated for one hour at 37°C. In contrast to this, the bacilli are 
highly sensitive to ammonium hydroxide, as is apparent from table 7. 
A fine suspension of a young and actively growing culture of tubercle 
bacilli in physiological salt solution was mixed with an equal volume of 
ammonium-hydroxide solution of definite strength and, after incubation 
for a determined length of time, the mixture was diluted with five volumes 


TABLE 7 


The action of ammonium hydroxide on suspensions of human tuberce bacilli (“Human’’) 
in saline solution 


CONTROL WITH- TIME OF INCUBATION OF BACILLI IN AMMONIA SOLUTION 


OUT AMMONIA 
TREATMENT 


15 minutes | 30 minutes 1 hour 2 hours 


Incubation, in weeks, of culture tubes before being read 


3 2 1 213 


2 0 0 0/0 
0 0/0 


* The readings recorded are the average of the readings of 3 culture tubes seeded. The 
readings are graded from 0 = no visible growth to 4 = a profuse and luxuriant growth. 


of sterile distilled water and centrifugated, and the centrifugate was 
seeded on Petroff’s gentian-violet-egg medium. 

It is to be noted from table 7 that the time factor plays an important 
role in the action of ammonium hydroxide upon suspensions of human 
tubercle bacilli. Since the reagent was found to possess an efficient 
germicidal action toward the contaminators, it was thought that the 
elimination of incubation entirely might possibly lead to success in iso- 
lating tubercle bacilli. In order to determine this, two sets of experiments 
were performed. In one (series 1) only the incubation of the sputum- 
reagent mixture was eliminated, the remainder of the technique being 
carried through as in the original standard procedure described above. 
In the second set (series 2) a few drops of an indicator (alizarin red) was 


TRATION OF OF 
NHs 
IN THE SUSPEN- 
REAGENT SION 
| 2 1 2 3 
3.3 A | 1 0;0;0 
1.0 A 0 
B 1 
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first introduced into the centrifuge tube and, immediately after mixing 
the sputum and the reagent, the contents were neutralized with concen- 
trated hydrochloric acid, after which the standard procedure was again 
adhered to. In both series ammonium hydroxide in concentrations of 1, 
3.5 and 7 per cent was used on four sputa for each concentration. In 
series 1 contaminations were rare, while in series 2 they were common, 
but in no case was a detectable growth of tubercle bacilli obtained even 
after incubation for ten weeks. 


C. Ammonium Carbonate as a Reagent to Destroy Contaminators 


The marked toxicity of the ammonium hydroxide for the tubercle 
bacilli was considered the main drawback to the use of this reagent, and 


TABLE 8 
The effect of sulphuric acid upon suspensions of human tubercle bacilli (““Human’’) 


CONTROL PERIOD OF INCUBATION WITH SULPHURIC ACID 


wiTHouT H2SO, 
TRATION OF TREATMENT 15 minutes | 30 minutes | 1 hour 2 hours 
HeSO. SPECIMEN i 


USED AS 
REAGENT Period in weeks after seeding when cultures were read 


B 2 


* The numerals have the same significance as in table 7. 


it was reasoned that if a less toxic substance could be found that would 
nevertheless retain its strong germicidal action toward the contamina- 
tors, this reagent might prove highly satisfactory for the primary culti- 
vation desired. Since ammonium carbonate is a salt formed by the 
union of a weak base and a weak acid, it hydrolyzes readily in water, to 
yield free ammonium ions, and might possess the strong germicidal power 
of ammonia toward contaminators, yet be less toxic toward the tubercle 
bacilli. Therefore ammonium carbonate was tested on suspensions of 
“Human Avirulent” tubercle bacilli and on bacteria in sputa. As sus- 
pected, it had little toxic effect upon suspensions of tubercle bacilli up 
to the addition of an equal volume of a 20 per cent solution (or 10 per cent 
actual strength of ammonium carbonate) when the mixture was incubated 
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for 30 minutes or less. With longer incubations of the same or higher 
concentrations its toxicity was greatly increased. Contaminating micro- 
organisms in sputum were not killed by the addition of an equal volume of 
a 5 per cent solution of ammonium carbonate (2.5 per cent actual strength 
in the mixture) when incubated for 30 minutes or less, while longer incu- 
bation with this concentration destroyed most of them. With higher 
concentrations of ammonium carbonate (20 per cent) most contaminat- 
ing organisms were killed after even shorter incubations, but no primary 
cultures of tubercle bacilli were obtained from sputa, and the margin of 
permitting growth of contaminators without affecting the tubercle bacilli 


TABLE 9 


A comparison of sulphuric acid and sodium hydroxide as reagents for the isolation of 
tubercle bacillé 


PERIOD OF INCUBATION OF THE SPUTUM-REAGENT MIXTURE 


a 


15 minutes 30 minutes 


NUMBER 
REAGENT USED OF SPUTA 
TESTED 


ge of positive 


isolations 
Percentage of positive 


taminations 
Percentage of positive 
isolations 
Percentage of con- 
taminations 
Percentage of positive 
isolations 
Percentage of con- 
taminations 
isolations 


taminations 
Percentage of con- 


° 
3 

= 
= 
o 


Percenta 


oo 


3 per cent H2SO, 
2 per cent NaOH 


i) 
on 
> 
— 
oO 


6 per cent H,SO, 
2 per cent NaOH 


a 
n 
SE 


10 per cent H2SO, 
2 per cent NaOH 25 


in sputum was nil, which could not be disclosed from the studies on sus- 
pensions of bacilli. 


D. Sulphuric Acid as a Reagent for Destroying Contaminators 


Of all the substances tested for destroying contaminators, sulphuric 
or hydrochloric acid proved to be equal, if not superior, to sodium hydrox- 
ide, in the primary isolation of tubercle bacilli from contaminated sources. 
Sulphuric acid, as recorded in table 8, does not inhibit growth of the 
tubercle bacilli when added in equal volume to suspensions of bacilli 
up to 20 per cent (or 10 per cent actual concentration in the mixture). 
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In this concentration, no inhibitory action is noted when the mixture 
is incubated for 30 minutes or less, but after longer incubations a detri- 
mental effect upon the bacilli results. With sputa most of the cultures 
were contaminated after treatment with 3 per cent sulphuric acid, while 
with 6 per cent or higher concentrations little contamination resulted. 
Since the preliminary experiments with positive sputa treated with sul- 
phuric acid or hydrochloric acid gave encouraging results in isolating 
tubercle bacilli, a comparison of these two reagents with sodium hydrox- 
ide for the isolation of tubercle bacilli was undertaken. Table 9 presents 
the results of a comparative study with sulphuric acid and sodium hy- 
droxide. In order to make the comparisons as accurate as possible, the 
same sputa were used for both sulphuric acid and sodium hydroxide, and 
the inoculated culture tubes were kept in the same covered tin box in the 
same incubator, in order to avoid variations in temperature and humidity. 
The findings recorded in table 9 indicate that 3 per cent H:SO, cannot 
be employed to destroy the contaminators because it is too weak a germi- 
cide in this concentration, while 10 per cent sulphuric acid is not suitable 
because the percentage of resulting primary cultures is too low. In 
contrast to these an equal volume of 6 per cent sulphuric acid gave good 
results, in that the percentage of primary cultures obtained was slightly 
higher than with sodium hydroxide and the first visible evidences of 
growth of tubercle bacilli occurred earlier than after the use of sodium 
hydroxide. Sulphuric acid possesses an added advantage over sodium 
hydroxide in that mucoid substances in the sputum are slightly soluble in 
strong acids but not in dilute acids. Therefore, upon dilution of the 
sulphuric-acid solution the liquid substances in the sputum coagulate, 
and the coagulated materials on centrifugation materially assist in bring- 
ing down the tubercle bacilli to the bottom of the tube. Sodium hydrox- 
ide, on the other hand, completely dissolves the mucoid substances, 
and on dilution no precipitation of the dissolved substances takes place. 
A slight disadvantage exists in using sulphuric acid because a longer time 
is required for a thorough mixing of the acid and the sputum; this slight 
disadvantage is, however, amply repaid by the greater advantage of 
sulphuric acid over sodium hydroxide in giving a larger percentage of 
primary cultures and resulting in an earlier development of the colonies. 


E. Hydrochloric Acid as a Reagent for Isolating Tubercle Bacili from 
Contaminated Materials 


On the whole, hydrochloric acid acts like sulphuric acid, the main differ- 
ence being a narrower range of serviceable concentrations in which the 
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hydrochloric acid can be used. Incubation for thirty minutes or longer 
of a mixture of equal parts of a suspension of tubercle bacilli and 10 per 
cent hydrochloric acid completely destroys the viability of the bacilli, 
while after the use of 6 per cent acid only a slight inhibitory action on 


TABLE 10 
The action of hydrochloric acid upon suspensions of human tubercle bacilli 


PERIOD OF INCUBATION WITH HYDROCHLORIC ACID 

CONTROL NOT 
TREATED 

CONCEN- 15 minutes 30 minutes 1 hour 2 hours 

TRATION OF 
HCl 1n 

REAGENT Time in weeks between seeding and when cultures were read 


3 3 


3 0 0 | 0 
0 1 2 0 2/0 
0 1 2 0 2; 0 


* The numerals have the same significance as in table 7. 


TABLE 11 


Comparison of hydrochloric acid and sodium hydroxide as reagents for the isolation 
of tubercle bacilli 


PERIOD OF INCUBATION OF THE SPUTUM-REAGENT MIXTURE 


15 minutes 30 minutes 1 hour 2 hours 


REAGENT USED 


ge of posi- 


Percentage of con- 
taminations 
tive isolations 
Percentage of con- 
taminations 
tive isolations 
Percentage of con- 
‘centage of posi- 
tive isolations 
Percentage of con- 
taminations 
tive isolations 


i) 
mn 


3 per cent HCl 
2 per cent NaOH 


=z Percentage of posi- 
age ofp 

| Percentage of posi- 
bh | Percenta 


tn ww | Percenta; 


fore 


~ 


6 per cent HCl 
2 per cent NaOH 


eS 


0 
8 


8 
8 


n 
B oo 


1 per cent HCl 67 33 17 58 25 
2 per cent NaOH 25 50 33 67 25 


the growth of tubercle bacilli is discernible after incubations of from 15 
to 30 minutes. On sputum the optimum concentration which can be 
used for the isolation of tubercle bacilli was found to be about 3 per cent. 
With 1 per cent, contaminations were frequent, while with 6 per cent no 
primary cultures of tubercle bacilli were obtained. In table 11 are re- 
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corded the results of hydrochloric acid on positive sputa as compared to a 
2 per cent sodium hydroxide. 


3. THE MEDIA USED FOR THE ISOLATION OF TUBERCLE BACILLI 


Petroff’s gentian-violet-egg medium has been considered the most satis- 
factory medium in most cases for the isolation of the tubercle bacillus 
from tuberculous materials. In this study an endeavor was made to 
improve on this medium, if possible, and also to evaluate it more accu- 
rately. Calmette’s? potato-glycerol-bouillon medium (14) was found 
to be far superior to Petroff’s when the tubercle bacilli were present in 
small numbers in the inoculum. Its only and a main disadvantage was 
found to be that it permitted a greater number of contaminations when 
used for the actual isolation of tubercle bacilli from sputum. However, 
the addition of crystal violet to the medium removes this undesirable 
feature and makes it more satisfactory for the isolation of the bacilli. 

In order to compare the relative efficiency of various media in the pri- 
mary cultivation of tubercle bacilli, the suspension method of seeding the 
media with graded quantities of bacilli has been found most suitable. 
The details of this method were published recently (15). The method 
consists essentially of making fine suspensions containing different 
amounts of tubercle bacilli, from 50 to 0.000,000,001 mgm. This 
method of study gives a fairly definite idea of the efficacy of a given 
medium for the growth of any tubercle bacilli present in a known concen- 
tration. The method consists in weighing out a definite amount of pure 
tubercle bacilli in a graduated centrifuge tube; and, after a thorough 
grinding and emulsification with a definite quantity of sterile physiologi- 
cal salt solution, different dilutions are made, and the bacilli in these 
diluted suspensions are seeded on the surface of various media. The 
media used in this study were Long’s nonprotein synthetic medium (16), 
5 per cent glycerine-agar medium (17), Petroff’s gentian-violet-egg 
medium (18), Dorset’s egg medium (19), and Calmette’s potato-glycer- 
ine-bouillon medium (20). The results are recorded in table 12. Care 
is necessary in selecting young and actively growing bacilli, in using fresh 
media that are not dried out or otherwise changed, and in making a 
satisfactory and fine suspension. In a recent paper (21) it was reported 
that tubercle bacilli failed to grow on Long’s medium when seeded with a 


2 The potato-cylinder medium was called Calmette’s potato medium since its description 
was obtained from Calmette’s recent book. 
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10 mgm. per cc. suspension, which probably occurs only when excellent, 
fine suspensions free from clumps are used. Further tests showed that 
growth may take place in some of the culture-tubes with suspensions of a 
bacillary concentration as low as0.1 mgm. per cc., although the growth in 


TABLE 12 


Growth of tubercle bacilli on different media when seeded with different dilutions of suspensions 
of tubercle bacilli 


MILLIGRAMS OF BACILLI PER CC, 


TYPE OF 
IND 
BACILLI K OF MEDIUM 


Long’s 
Glycerol agar 
Petroff’s 
Dorset’s 
Calmette’s 


© © © | 0,000,000,000,1 


+ ~ OS | 0.000,000,01 
+ © |0.000,000,001 


Long’s 
Glycerol agar 
Petroff’s 
Dorset’s 
Calmette’s 


+ooco 
voooco 


Long’s 
Glycerol agar 
Petrofi’s 
Dorset’s 
Calmette’s 


+wooo 


+oooo 


Long’s 
Glycerol agar 
Petroff’s 
Dorset’s 
Calmette’s 


+rvOO 4+n000 + © © © |0,000,000,1 


+++00 +4006 ++ 200 |0,000,01 
+r+oo0 +n000 ++ © © © |0.000,001 


+*| ? 
>| ?10 
+) + +}+]+ 
+] + +/+ ]+ 
?>101/0 
+ | + +/+ 
+] + 
+] + 
+] + ? 1.0 | 0 
+ |+ +/+] + 
+] + +/+ ]+ 
+} + +|+]+ 
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olo]o 
+] + +/+] + 
+} + 
+] + +/+ |+ 
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+} + 
+] + 
+] + 
+]? 
+] + 
+/+ 
+|? 
+ |? 
+] + 
+|+ 
+|+ 
+|? 
+] + 
+} + 
+] + 


+wwoo 
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\ 


*The markings recorded indicate the following: + = growth occurs in all the tubes 
seeded; ? = growth occurs only in a few spots in some of the tubes; 0 = no growth of any kind. 


such low concentrations occurs in only a few isolated spots. With con- 
centrations of 0.01 mgm. per cc., or below, growth never occurs in any 
of the tubes even after 12 weeks’ incubation. 

On 5 per cent glycerine-agar all the tubes seeded with 1.0 mgm. per 
cc. or above (except strain ““Gluckson” in which case 10 mgm. or more 
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per cc. was required) resulted positively, while 0.001 mgm. or below gave 
no visible growths in any tube. 

With Petroff’s, Dorset’s and Calmette’s media the minimum concen- 
tration for growth and the maximum concentration for absence of growth 
have not yet been accurately determined, but the results thus far indicate 
that with Petroff’s medium a bacillary concentration of 0.1 mgm. or 
above per cc. results positively, while with a concentration of 0.00011 
mgm. or less the transplants fail to grow in any tubes seeded with human 
bacilli (including both virulent and avirulent strains). With bovine 
bacilli (including both virulent and avirulent strains), the same medium 
yielded growth in a concentration as low as 0.000,1 mgm. per cc., while 
at about 0.000,000,1 mgm. growth does not take place, and with interme- 
diate concentrations growth may or may not occur. 

With Dorset’s and Calmette’s media these points of growth and ex- 
tinction have not yet been established with certainty, but the “growth 
concentration” (the smallest concentration with which all tubes seeded 
give positive results) and the “extinction concentration” (the greatest 
concentration of bacilli at which no growth is detectable in all tubes) 
for Dorset’s medium seem to lie far below those for Petroff’s medium and 
far above those for Calmette’s medium. When Dorset’s and Calmette’s 
media are compared when bacilli are in small numbers in the inoculum, 
growth on Calmette’s medium is always visible one or two weeks earlier 
and always more luxuriantly than on Dorset’s medium, showing the 
superiority of Calmette’s over Petrofi’s and even over Dorset’s medium. 


A. Comparison of Petroff’s and Calmette’s Media in the Isolation of 
Tubercle Bacilli from Sputum 


In order to evaluate them further, a comparison of Petroff’s and Cal- 
mette’s media was made in the isolation of tubercle bacilli from positive 
sputa. Sixteen sputa were treated with 6 per cent sulphuric acid and 8 
with 3 per cent hydrochloric acid, and incubated for 30 minutes, after 
which 3 tubes each of Petrofi’s and Calmette’s media were inoculated 
from the sediment. The results were 55 per cent of isolations and 12 per 
cent of contaminations on Petroff’s medium after the 6 per cent sulphuric 
acid and 56 per cent of isolations and 25 per cent of contaminations on 
Calmette’s medium; while, after 3 per cent hydrochloric acid, there were 
46 per cent of isolations and 21 per cent of contaminations on Petroff’s 
medium, and 21 per cent of isolations and 67 per cent of contaminations 
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on Calmette’s medium. At first glance these figures give the impression 
that Petroffi’s medium is superior to Calmette’s, because the percentage of 
isolations appears to be greater or equally great, and the percentage of 
contaminations is lower. If, however, we analyze the findings with 
regard to the earliest appearance of growth, Calmette’s medium proved 
superior to Petroff’s and the colonies are always much more luxuriant on 
it. Of 48 tubes, seeded from 16 sputa after 6 per cent sulphuric acid and 
planted on Calmette’s medium, there were 11 with growth appearing in 
the second week, 4 in the third, 7 in the fourth, 3 in the fifth and 2 in the 
sixth week, while on Petroff’s medium 2 showed growth in the second, 
6 in the third, 2 in the fourth, 2 in the fifth, 8 in the sixth, 1 in the seventh 
and 2 in the eighth week. Of 24 tubes seeded from 8 sputa after 3 per 
cent hydrochloric acid and planted on Calmette’s medium, there were 3 
with growth in the third week, and 2 in the fourth, while on Petroff’s 
medium growth appeared on 3 tubes in the fourth week, 3 in the fifth, 1 
in the sixth, 1 in the seventh, 1 in the eighth and 2 in the eleventh week. 
These results make it evident that both contaminators and tubercle bacilli 
grow better on Calmette’s medium and that contamination lowers its 
efficiency in isolating tubercle bacilli as compared with Petroff’s medium. 
If a satisfactory antiseptic could be incorporated in Calmette’s medium to 
inhibit the growth of the contaminating microdrganisms, in which capac- 
ity gentian (or crystal) violet serves in Petroff’s medium, it might prove 
superior in isolating tubercle bacilli. 


B. Tests with Modified Calmette’s Media for the Isolation of Tubercle 
Bacilli 


In an attempt to improve on Calmette’s medium and adapt it for 
isolating tubercle bacilli from contaminated sources, media were pre- 
pared containing ground potato with varying proportions of glycerine 
and bouillon. These gave an excellent growth of tubercle bacilli when 
the latter were present in suspensions containing 1 mgm. or more per cc., 
but with decreasing concentrations of bacilli growth was absent. 

The next trials consisted in preparing potato cylinders, as in the origi- 
nal Calmette’s medium, and soaking them in 1 per cent sodium-carbonate 
solution containing different concentrations of crystal violet (National 
Aniline and Chemical Company). The potato cylinders, thus treated, 
were then set into 5 per cent glycerine-bouillon in suitable culture- 
tubes. A preliminary study of the growth of tubercle bacilli on this 
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crystal-violet-potato medium, seeded with graded suspensions of tuber- 
cle bacilli, showed that the higher concentrations of the dye inhibited 
growth, while in the lower concentrations the bacilli grew equally well if 
not better than on the original Calmette’s medium. It is noted from 
table 13, a composite table of three experiments, that medium V (which 
was prepared by soaking potato cylinders in 1 per cent sodium-carbonate 
solution having a dye concentration of 0.01 per cent) is better for the 


TABLE 13 
Growth on different media seeded with graded suspensions of tubercle bacilli (“Gluckson’’) 


CONCENTRATION OF SUSPENSION USED FOR SEEDING 


0.0001 mgm. 
per cc, 


1.0 mgm. per cc. | 0.01 mgm. per cc. 


CULTURE MEDIUM USED" 


Interval in weeks before cultures were read 


V. Potato cylinder with 0.01 per cent 

VI. Potato cylinder with 0.001 per cent 

VII. Potato cylinder with 0.000, 1 per cent 


* The numerals have the same significance as in table 7. 


growth of tubercle bacilli than Petroff’s, but this concentration of dye 
exercises a slight inhibitory action on bacilli as compared with growth on 
the original Calmette’s medium. In media VI and VII, prepared by 
soaking potato cylinders in 1 per cent sodium-carbonate solution and 
containing, respectively, concentrations of 0.001 and 0.000,1 per cent of 
crystal violet, the bacilli grew as well as in the original Calmette’s 


Fic. 1. The growth of virulent human tubercle bacilli on Long’s nonprotein medium, 5 per 
cent glycerol-agar, Petroff’s gentian-violet-egg medium, Dorset’s egg medium and potato- 
glycerine broth, 3 weeks after seeding with a few drops of suspension containing 25 mgm. 
per cc. 

Fic. 2. The growth of virulent human tubercle bacilli on Long’s medium, glycerol-agar, 
Petroff’s medium, Dorset’s egg medium and potato medium, 8 weeks after seeding with a 
suspension containing 0.001 mgm. per cc. 

Fic. 3. The growth of virulent human tubercle bacilli on Petroff’s, Dorset’s and potato 
medium, 3 weeks after seeding with a suspension containing 0.000,001 mgm. per cc. 

Fic. 4. The growth of virulent human tubercle bacilli on Petroff’s, Dorset’s and potato 
medium, 5 weeks after seeding with a suspension containing 0.000,000,001 mgm. per cc. , 
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medium without the dye. The results obtained in the isolation of the 
bacilli from positive sputa bring out more strikingly the points mentioned 
above. Four sputa treated with 6 per cent sulphuric acid and 4 treated 
with 2 per cent sodium hydroxide, both seeded on three tubes for each 
sputum, resulted in 31 per cent of isolations on Petroff’s gentian-violet- 
egg medium with 4 per cent of contaminations, 42 per cent isolations on 
potato plus 0.01 per cent crystal violet medium with no contaminations, 
75 per cent isolations on potato plus 0.001 per cent crystal violet with 
17 per cent contaminations, and 50 per cent isolations on potato plus 
0.000,1 per cent crystal violet with 25 per cent contaminations. These 
findings again emphasize the importance of concentration of the dye in 
the development of contaminators, the weaker concentrations being 
associated with more contaminations. In another set of experiments 
with positive sputa it was found that the best concentration of crystal 
violet for impregnating the potato was 0.003 per cent, or about 1 to 75,000 
dilution. 


C. A New Method for the Primary Isolation of Tubercle Bacilli from 
Contaminated Sources 


The foregoing experiments have led us to propose the following new 
method for the primary isolation of tubercle bacilli from sputa or con- 
taminated materials: 


Preparation of the Medium: Fresh, clean, large potatoes, preferably without 
surface defects, are cut into cylinders of 3 inches or more in length with a cork- 
borer of a diameter of about 3 inch. The cylinders are then cut longitudinally 
into halves. These are then soaked in 1 per cent sodium-carbonate solution, 
containing crystal violet (or gentian violet) in concentration of 0.003 per cent 
(1 to 75,000) for one to two hours. At the end of this time the potato cylinders 
are gently wiped with a towel to free them from the excess of liquid, and are 
then introduced into a sterile culture-tube (3/4 x 6 inches) containing 1.5 cc. 


Fic. 5. The growth of virulent bovine tubercle bacilli on Long’s nonprotein medium, 5 per 
cent glycerol-agar, Petroff’s gentian-violet-egg medium, Dorset’s egg medium, and potato- 
glycerine-broth, 3 weeks after seeding with a suspension containing 50 mgm. per cc. 

Fic. 6. The growth of virulent bovine tubercle bacilli on Long’s medium, glycerol-agar, 
Petroff’s medium, Dorset’s egg medium, and potato medium, 6 weeks after seeding with a 
suspension containing 0.01 mgm. per cc. 

Fic. 7. The growth of virulent bovine tubercle bacilli on Petroff’s, Dorset’s and potato 
medium, 6 weeks after seeding with a suspension containing 0.000,001 mgm. per cc. 

Fic. 8. The growth of virulent bovine tubercle bacilli on Petroff’s, Dorset’s and potato 
medium, 6 weeks after seeding with a suspension containing 0.000,000,001 mgm. per cc. 
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of 5 per cent glycerine-bouillon. The tubes are plugged with cotton and steri- 
lized in the autoclave for thirty minutes at 15 pounds pressure. 

Treatment of Sputum and Seeding: The sputum or contaminated materialis first 
thoroughly beaten to a homogeneous pulp, and 1 cc. of this is introduced into a 
sterile centrifuge tube. One cubic centimetre of 6 per cent sulphuric acid 
(or 3 per cent hydrochloric acid) is added, and the contents are thoroughly 
mixed. ‘Too much emphasis cannot be laid upon the thoroughness of mixing, 
since the opportunity for destroying the contaminators depends upon it. The 
tube is stoppered with a sterile cork and incubated for thirty minutes at 37°C. 
The contents of the tube are then diluted to 10 cc. with sterile normal salt so- 
lution and mixed. After centrifugating at moderate speed, the supernatant 
liquid is decanted, leaving 1 to 2 cc. of residue. This is stirred up with a 
sterile pipette, and 3 to 4 drops of the mixture is spread over the surface of the 
potato-crystal violet medium. After cotton-plugging and paraffining the plug 
and covering with a tinfoil cap, the culture tubes are incubated at 37°C. 
Within two to five weeks a luxuriant growth of tubercle bacilli may be ex- 
pected from the positive sputa. 


SUMMARY AND CONCLUSIONS 


1. Crystal violet, accepted by the Commission on Standardization of 
Biological Stains,’ to replace the prewar gentian violet of uncertain com- 
position, is a suitable material for incorporation in egg media, as recom- 
mended by Petroff to inhibit the development of contaminators during 
the primary isolation of tubercle bacilli from contaminated sources. The 
concentration of crystal violet required is about the same in egg media 
as that recommended for gentian violet. 

2. Of a large number of reagents tested (urea, sodium carbonate, am- 
monium hydroxide, ammonium carbonate, sodium hydroxide, and sul- 
phuric or hydrochloric acids) to destroy the rapidly growing microdr- 
ganisms in contaminated materials for isolating tubercle bacilli, sulphuric 
acid was found most serviceable. It possessed a wider range between its 
being innocuous for tubercle bacilli and its being capable of destroying 
undesirable contaminators than any of the others tested. Hydrochloric 
acid and sodium hydroxide also proved satisfactory for this purpose, the 
former slightly more so than the latter; while urea, sodium carbonate, 
ammonium hydroxide and ammonium carbonate proved entirely un- 
satisfactory. 


3 The stains used in these experiments were kindly furnished by Dr. H. J. Conn, Chairman 
of the Commission, to whom we are grateful. 
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3. In quantitative seeding tests with suspensions of tubercle bacilli, 
Calmette’s potato medium was found to be superior to Dorset’s egg 
medium, Petroff’s gentian-violet-egg medium, glycerol-agar, and Long’s 
nonprotein medium, in favoring the growth of the bacilli when present 
in small numbers. The other media were found serviceable in this 
respect in order given above. 

4. Crystal-violet-potato medium, in which the potato cylinders were 
treated with 0.003 per cent crystal-violet solution, proved suitable for 
the isolation of small numbers of tubercle bacilli in sputum. This me- 
dium proved superior to Petroff’s gentian-violet-egg medium, and 
possessed an advantage over plain potato media, in being less favorable 
for the growth of contaminators, without detrimentally affecting the 
growth of tubercle bacilli. | 

5. A new method for the isolation of tubercle bacilli from contami- 
nated sources is proposed, using 6 per cent sulphuric acid at 37°C. for 30 
minutes in the preliminary treatment of the tuberculous material, and 
crystal-violet-potato medium for culturing the bacilli. 


The authors are grateful to Mr. Harry Ogintz for assistance in some of the technical work 
of this study. 
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AN INVESTIGATION OF FILTERABLE FORMS OF THE 
TUBERCLE BACILLUS AND OF PROTECTIVE 
SUBSTANCES IN THE FILTRATES! 


EXPERIMENTS WITH FILTRATES OF TUBERCULOUS SPUTUM 


CLEAVELAND FLOYD anp MARGARET CHASE HERRICK 


In 1910 Fontes first filtered tuberculous material, and inoculated the 
filtrate into a guinea pig, which in two weeks showed “enlarged, indurated 
glands” but no lesion at the site of inoculation. At autopsy no tubercle 
bacilli were demonstrable, but a second guinea pig, inoculated with the 
spleen of the first, showed pulmonary tuberculosis five months later. 
In 1912 Philibert filtered 10 specimens of pus, 5 of which showed tu- 
bercle bacilli. The guinea pigs inoculated with these filtrates showed 
no tubercular lesion except one which might have been accidentally in- 
fected. This work contradicted that of Fontes. In 1921 McJunkin (1) 
inoculated guinea pigs subcutaneously with filtrates of peritoneal fluid 
from tuberculous guinea pigs. A certain degree of cutaneous hyper- 
sensitiveness to tuberculin was shown by the filtrate animals in seven or 
eight days, but no acid-fast bacilli were found in the animals at autopsy. 

In 1923 Vaudremer (2) published his work on the non-acid-fast, 
thread-like, granular forms, which he found in cultures of the tubercle 
bacillus on glycerin-free media. He filtered these cultures and success- 
fully cultured the filtrates. Hauduroy and Vaudremer (3) obtained 
similar results with cultures grown on media containing glycerin. Not 
long afterward Valtis (4)(5)(6)(7)(8) reported that he had filtered tu- 
berculous sputa, pus, and glycerin-bouillon cultures, and had produced 
in guinea pigs, inoculated subcutaneously with these filtrates, pulmonary 
lesions containing typical acid-fast tubercle bacilli. In a few of his 
animals he found the bacilli in some enlarged lymph nodes, but he found 
no lesion at the site of inoculation and was unable to secure a growth 
from his filtrates. Bezancon and Hauduroy (9) confirmed Vau- 
dremer’s work on the filamentary forms found in filtrates. Durand and 
Vaudremer (10) filtered pus from a cold abscess, and inoculated the 


1 From the Clinic of the Boston Sanatorium. 
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filtrate intraperitoneally, in small doses, into a male and a female guinea 
pig. The male developed orchitis, and the pus from this lesion, inocu- 
lated into other guinea pigs, produced tubercular nodules in three weeks. 
Durand (11) filtered the pus from a tubercular lesion of one of these 
animals, and, planting the filtrate on Dorset egg medium, obtained a 
growth of tubercle bacilli in twenty-five days. Durand and Char- 
chanski (12) found acid-fast bacilli in a caseous lymph node of a guinea 
pig inoculated subcutaneously with a filtrate of pleural fluid. There was 
no lesion at the site of inoculation, and the animal seemed normal except 
for a caseous lymph node near the spleen. Attempts at cultivation were 
negative. 

Arloing and Dufourt (13) found acid-fast bacilli in several lymph 
nodes of inoculated guinea pigs in 5 out of 8 cases, using filtrates of vari- 
ous tubercular materials, inoculated subcutaneously. Arloing, Dufourt 
and Malartre (14)(15)(16)(22) filtered 30 specimens from tubercular 
lesions in children, and inoculated the filtrates into guinea pigs sub- 
cutaneously. They found acid-fast bacilli in the inoculated animals 
in 16 cases out of the 30. In 14 of these 16 the bacilli were found 
only in the lymph nodes, and in the spleen in one case. These 14 
showed at autopsy no macroscopic tuberculosis, but were prefectly 
normal in appearance except for possibly slight hypertrophy of some 
lymph nodes. There was no lesion at the site of inoculation. Filtrates 
of these lymph nodes containing bacilli produced the same condition in 
a second series of guinea pigs. The other 2 of the 16 showed typical 
nodular tuberculosis except that there was no lesion at the site of inocu- 
lation. The animals, which were allowed to die, became cachectic, but 
at death showed no visible tuberculosis. Autopsy revealed only enlarged 
lymph nodes, which contained acid-fast bacilli. Verber (17) and Hau- 
duroy (18), working with Vaudremer, both found that their guinea pigs 
inoculated with filtrates failed to show typical lesions of tuberculosis. 
Both agree with Arloing, Dufourt and Malartre as to guinea. pigs nega- 
tive on examination except for slight enlargement of the lymph nodes, 
especially the tracheobronchials, these containing acid-fast bacilli. 

Valtis (19) in further work gives practically the same description. 
All these workers lay stress on the fact that no ‘‘chancre” is found at 
the site of inoculation. However, Hauduroy and Vaudremer believe the 
filtrates to be culturable and announce their successful cultivation of the 
filamentary forms, while the other authors mentioned have never obtained 
any cultures. Durand (20) declares that on the usual media he has not 
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obtained cultures ‘“‘with certitude.” He believes that the filtrates contain 
an active virus, which, inoculated into an animal, can revert to the typi- 
cal form, and which has the power of producing caseation, since he has 
found acid-fast bacilli in typical tubercular lesions in guinea pigs inocu- 
lated with filtrates, for instance, orchitis in a male guinea pig inoculated 
intraperitoneally. Recently Calmette, Valtis, Boquet and Négre have 
obtained positive results in attempts to demonstrate the transplacental 
passage of the tubercle bacillus. Arloing and Dufourt (21) (22) have 
confirmed this by a similar experiment. They inoculated a pregnant 
guinea pig with a filtrate and found tubercle bacilli in the lymph nodes 
of a foetus two-thirds. to term. 

In regard to any immunizing power of filtrates, Boquet, Négre and 
Valtis (23) have published their results with a few guinea pigs. They 
inoculated 8 animals subcutaneously with three doses of filtrate of tu- 
bercular material. ‘Two died in three weeks, and acid-fast bacilli were 
found in a lymph node of one of the two. Three of the other animals 
were inoculated subcutaneously with virulent tubercle bacilli. Control. 
guinea pigs uninoculated with filtrate received the same dose. The con- 
trols died in fifty to sixty days with generalized tuberculosis. Of the 
others, one died almost at once, and the other two died in four and five 
months. Each showed tuberculosis, but the lesions were not generalized. 
Guinea pigs, which received the filtrate but not the microérganisms, 
died in forty to sixty-one days, one showing acid-fast bacilli in a lymph 
node. These authors believe that the survival for so long a period of the 
guinea pigs which received the filtrate and tubercle bacilli is in some way 
connected with the atypical conditions found in the animals inoculated 
with the filtrate alone. 

The study of tubercular materia], whether obtained from a cold ab- 
scess or tuberculous peritonitis, has always stimulated interest because 
of the frequent difficulty in demonstrating the tubercle bacillus micro- 
scopically, and yet inoculation of such material with certainty produces 
tuberculosis. The work summarized in the foregoing pages seems to 
point to the presence of forms of the tubercle bacillus hitherto sus- 
pected but not clearly demonstrated, and if extensively confirmed 
may broaden our views in regard to the epidemiology of tuberculosis. 
Workers in this field at the present time seem to be one in the belief 
that filtrates of tubercular material produce an atypical picture of tu- 
berculosis in the guinea pig, largely limited to the lesion lymphadenitis, 
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and this being chiefly located in the tracheobronchial group of lymph 
nodes. Only two observers have so far definitely claimed to have grown 
the microérganisms from filtrates and filtrate lesions. The majority 
have signally failed in this respect. Three of the authors cited have 
endeavored to produce protection in the guinea pig through the use of 
tuberculous filtrates, and believe that their filtrate-treated animals sur- 
vived longer and showed less generalized tuberculosis than the controls. 


EXPERIMENTS 


The work here reported is divided into three parts. First, the en- 
deavor was made to demonstrate typical acid-fast microérganisms in 
guinea pigs inoculated with tuberculous filtrates. The second and third 
sections were devoted to the attempt to test the protective qualities of 
tuberculous filtrates against tuberculous infection in guinea pigs inocu- 
lated with living tubercle bacilli. In the second part the same stock 
laboratory culture of tubercle bacilli was used in all cases, whereas in 
the third piece of work each strain of microérganisms used was homol- 
ogous to the filtrate inoculated. The following methods of preparing 
the filtrates were adopted: 


Positive tuberculous sputa having a high Gaffky count were used in this work. 
At first the sputa were digested by the addition of a small quantity of trypsin, 
and incubated for an hour or two. The material was diluted 1 to 5 with 
sterile salt solution, and filtered through sterile Berkefeld filters at a pressure 
of about 30 pounds to the square inch. The filtrate was cultured on glycerin- 
broth or Dorset egg medium. Later the Valtis method of autolyzing the sputa 
by three days’ incubation was used. The autolyzed sputa were diluted, de- 
pending on the density of the material, to a 1 to 3, 4 or 5 dilution with sterile 
salt solution. The diluted material was then filtered and cultured. The cul- 
tures from all our filtrates were negative. 


In our first piece of work, which had for its purpose the demonstration 
in the lymph nodes of guinea pigs of the typical acid-fast forms found 
by the French observers, 6 positive sputa were used, the filtrates being 
prepared by the second or autolysis method. Two guinea pigs were 
inoculated subcutaneously, immediately after filtration, with massive 
doses of 6 to 10 cc. of the filtrate in each instance, making 12 guinea 
pigs in all used in this section of the work. The guinea pigs, with the ex- 
ception of 3 which died from a general infection in 18, 27 and 37 days, 
respectively, with no enlarged lymph nodes, were kept under observation 
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for four months, being periodically weighed. ‘There was an initial loss 
of weight in 7 of the 12, with subsequent steady gain. At the end of 
four months the 9 remaining guinea pigs were etherized and autopsied. 
All were in good condition, none showing a lesion at the site of inocula- 
tion. All showed slightly enlarged tracheobronchial lymph nodes and 
3 showed slightly enlarged inguinal lymph nodes. Otherwise the fndings 
were negative. All the enlarged lymph nodes were removed, crushed 
and stained for tubercle bacilli, the decolorant used being acid-alcohol. 

In one instance both guinea pigs inoculated with a single filtrate showed 
a very few typical acid-fast forms in the tracheobronchial lymph nodes. 
In the case of two other filtrates, somewhat atypical, granular, acid-fast 
forms were found in each case in the tracheobronchial lymph nodes from 
one of the two inoculated guinea pigs. 

In the second piece of work 8 positive sputa were filtered after the use, 
in some cases, of trypsin, and in others of autolysis. Two separate 
filtrates prepared by each method were used in still other cases. One 
guinea pig was inoculated with each filtrate in a series of small doses 
two weeks apart, the doses being 0.5 cc. intraperitoneally and 0.5 cc. 
subcutaneously. After some 7 to 10 doses had been given, each guinea 
pig was inoculated subcutaneously with 0.1 cc. of a suspension of a stock 
culture of living tubercle bacilli, the density of which was approximately 
three microdérganisms to the microscopic field. Two control guinea pigs 
were also inoculated with the bacilli. These died, one in 52 days and 
one in 146 days, showing generalized tuberculosis with a lesion at the 
site of inoculation, one being partially healed. Of the guinea pigs inocu- 
lated with the filtrates previous to the injection of tubercle bacilli, the 
period of life varied from 49 to 236 days. In only one of these was an 
unhealed lesion found at the site of inoculation; the others showed healed 
lesions. All had generalized tuberculosis. One guinea pig of the eight 
died after 8 doses of filtrate, without having received the inocula- 
tion with the living tubercle bacilli. Autopsy showed an abscess in the 
right groin, containing about 1 cc. of greenish-gray pus, which on exam- 
ination showed large numbers of acid-fast bacilli. No other lesions were 
found. The pus was diluted about 1 to 15, and filtered, and the 6 cc. 
of filtrate obtained were inoculated into a second guinea pig in 5 doses 
of about 0.5 cc. intraperitoneally and 0.5 cc. subcutaneously, over a 
period of twenty-five days. This guinea pig was killed after five months’ 
observation, and autopsy was negative except for a few lymph nodes at 
the hilum of the lung, in which no acid-fast bacilli could be detected. 
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In the third section of the work 5 positive sputa were used, all being 
autolyzed by the Valtis method before filtering. Each filtrate was inoc- 
ulated into two guinea pigs in a series of small doses two weeks apart, 
each dose being 0.5 cc. intraperitoneally and 0.5 cc. subcutaneously. 
After 9 to 14 doses each two guinea pigs were inoculated with 0.1 cc. 
of ja suspension of living tubercle bacilli isolated from the sputum origi- 
nally filtered in each case, in a strength of approximately 3 microérganisms 
to the microscopic field. Control guinea pigs, which received the bacilli 
without the filtrates, died in 128 to 251 days, showing generalized tu- 
berculosis. The animals given the filtrates plus the homologous micro- 
organisms lived from 39 to 301 days after inoculation with the bacilli, 
and at autopsy all showed generalized tuberculosis. 


DISCUSSION AND SUMMARY 


In the very limited series of filtration tests of tuberculous sputum 
reported in our first section, positive results were obtained in 2 animals 
inoculated with one specimen, and suggestive forms in two other in- 
stances. A larger series or a use of other tubercular material might 
well have further confirmed the striking reports of Valtis, Arloing and 
others. The autopsy findings in all these guinea pigs agree with the 
published reports in showing no typical tubercular picture, the only 
pathological effects noted being confined to the lymph nodes, particu- 
larly the tracheobronchial. It will be noted that one guinea pig in the 
second series, following multiple doses of filtrate, died, having an abscess 
in the groin, which showed many acid-fast bacilli. This animal showed 
no other lesion. In the second and third sections of this report we have 
been unable to note any protective substances in filtrates from positive 
sputa, not only when a laboratory culture was used but also when filtrate 
and homologous culture were inoculated. This is in contrast to the 
work of Boquet, Négre and Valtis. All cultures of filtrates were uni- 
formly negative. This agrees with most of the French observers. 
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A STUDY OF THE BACTERIAL ETIOLOGY OF 
TUBERCULOSIS 


EXPERIMENTS WITH NON-ACID-FAST MICROORGANISMS FROM 
TUBERCULOUS SPUTUM 


FRANCIS M. DUFFY! 


Since the discovery and demonstration of the acid-fast bacilli by Koch 
there have been more or less sporadic conflicts of ideas and findings as 
to the nature of the microérganism which causes tuberculosis. For many 
years after the discovery of the bacillus that has been associated with 
tuberculosis, it was thought that this would be the final issue in the 
eradication of the disease. However, as shown by Ferran (1) and other 
experimenters, there has been a certain amount of disappointment as to 
the results obtained when this work was carried into immunological 
fields. Results with vaccines and antisera have been quite unsuccessful 
and reports on immunological reactions more or less conflicting (2). 
The Pirquet reaction has been one strong factor in stabilizing opinion in 
favor of the acid-fast bacillus of Koch as the only cause of tuberculosis. 
However, this demonstrates a hypersensitiveness to a specific protein, 
known, so far, only in the acid-fast microérganism. 

As a consequence of this dissatisfaction there have been sporadic 
efforts and endeavors to find the microérganism when it is not in a stage 
of “confinement” within its waxy capsule. About 1883, or a short time 
after Koch discovered the tubercle bacillus, Mallassez and Vignal (3) 
demonstrated in tuberculous lesions coccoid bodies, which were acid- 
resistant and were capable of becoming acid-fast. In 1897 Ferran (4) 
reported that he was able to produce non-acid-fast bacilli from tubercle 
bacilli by special alterations in the amount of peptone and glycerin in 
his culture media. These microdrganisms produced atypical tuber- 
culous lesions in his laboratory animals. In 1903 Auclair (5) demon- 
strated the production of non-acid-fast bacilli from Koch’s bacillus, but 
was not able to regenerate acid-fast forms. In 1904 Maher (6) obtained 
a large bacillus from barn scrapings, with which he was able to produce 
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tuberculosis in guinea pigs. He claimed that his microédrganism passed 
through several cycles to an acid-fast form. In these cycles he noted 
granular changes which resembled cocci. Almost contemporaneously 
with Maher Spengler (7) described a Splitter, a granular type of bacillus 
which he isolated from bovine tuberculosis. In 1907 Much (8) made 
known his finding of two morphologically different microdrganisms. One 
was a gram-positive, non-acid-fast bacillus and the other large gram- 
positive, non-acid-fast granules arranged singly, in chains and in clusters. 
He obtained these from tuberculous lesions. Bunting and Yates (9), 
Frankel and Much (10), Billings and Rosenow (11), and deNegri and 
Mieremet (12) isolated diphtheroid bacilli from lesions of Hodgkin’s 
disease. Harris and Wade (13) made investigations, which revealed that 
diphtheroid microédrganisms were widespread in nature, and they iso- 
lated them from diverse lesions of the body, for example, from tuber- 
culous lymph nodes, lymphosarcoma and Hodgkin’s disease. In 1924 
Karwacki (14) reported finding acid-fast, non-acid-fast, coccoid, and 
diphtheroid microérganisms from 33 pleural fluids. He further reported 
that cultures of these various microérganisms and also spore-formers 
were successfully developed. In 1925 Sweany and Pinner (15) dis- 
covered a pathogenic Bacillus subtilis associated with tuberculosis. 


They were able to reproduce the disease with this germ in guinea pigs. 


EXPERIMENTAL WORK 


The work which is about to be recorded is the result of about three 
years’ investigation. It consists of a thorough study of microérganisms 
isolated from the sputum of patients in whom pulmonary tuberculosis 
was demonstrated. Sputum from 15 patients make up the basis of the 
experimental work. Of this number 12 revealed the acid-fast bacillus of 
Koch. In 3 no acid-fast bacilli could be demonstrated on repeated 
examination. One of these had all the clinical findings of bronchiectasis. 

The culture media used were glycerinated Huntoon’s agar and gly- . 
cerinated broth, using a 3 per cent strength of glycerin. 

Two procedures were used in the treatment of sputum. In the first a 
portion of sputum, 0.5 cc., was placed in a few cubic centimetres of ether, 
shaken for one minute and centrifugated. The ether was quickly poured 
off, and transplants of the sputum were made on glycerin-agar slants. 
Transplants were made on 5 or 6 tubes, as often a growth was obtained 
on only one or two. Sometimes it required two or three attempts before 
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a characteristic growth was obtained. The other method consisted in 
allowing the sputum to stand at room temperature for forty-eight hours, 
or in the incubator at 37.5°C. for six or eight hours. With this procedure 
the same method of transplanting as above was followed, and success 
was obtained to about the same degree. However, more contaminating 
bacteria were encountered. In the first procedure the ether inhibited 
or killed nearly all the secondary microérganisms except the spore- 
formers, whereas in the latter procedure the sputum seemed to have some 
bactericidal power on these bacteria. The development of colonies from 
these procedures was very slow. 


CULTURES AND MORPHOLOGY 


Microorganisms isolated by the ether method were mostly the spore- 
formers. Out of 5 or 6 tubes planted, two or three colonies in one or 
sometimes two tubes were obtained. In 12 out of 15 cases a growth 
developed, which could be differentiated, only with difficulty, from a 
culture of Koch’s bacillus. The growth appeared in twenty-four to 
seventy-two hours. It would appear first as a brownish-yellow pin-head 
colony. This would expand in four or five days to a diameter of about 
5mm. It presented a raised appearance with a wrinkled surface. The 
colonies were very tenacious, often a whole colony clinging to the loop 
of manipulation. When a second transplant was made on glycerin-agar 
the growth was very luxuriant in twenty-four hours, brownish to yellow 
in appearance, with surface raised, rugated, wrinkled, dry, and tenacious. 
Cultures on glycerin-broth were surface in character, with all the charac- 
teristics and luxuriance noted on agar. Many of the cultures remained 
alive and proliferating for more than a year without transplanting. 
The microérganism paralleled Bacillus subtilis in all of its sugar reactions. 

Microscopic and staining examinations revealed a bacillus which was 
motile, non-acid-fast and gram-positive. The bacilli varied in size from 
a coccoid form, about one and one-half times the size of a staphylococcus, 
to a bacillus indistinguishable from Bacillus subtilis. In some cases the 
microérganism showed granular formations, whereas in others the 
nuclear material had a uniform distribution when stained. In the first 
cultures apparently a capsule could be demonstrated. 

The microérganism was a proliferant spore-former. A culture, which 
was allowed to stand about three weeks, demonstrated more spores than 
vegetative forms. These were very highly resistant to heat and chem- 
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icals. It required five hours at 100°C. in water to kill the microérganism. 
It lived in 0.5 per cent phenol solution for two months without being 
affected. 

On two occasions broth cultures were made in flasks and the broth 
was freed from the microérganism by passage through a Berkefeld 
filter. A culture of the filtered broth brought forth a growth identical 
with the microérganism that was in it before filtration. Thinking that 
the filter might have become defective more of the broth was filtered 
with another filter. Again a characteristic growth was obtained. To 
be sure that both filters were not defective, a saline suspension of staphy- 
lococci was made up, and this was passed through both filters. This 
proved the filters efficient, for no growth was obtained from the salt 
solution after filtering. Following these results a number of broth 
cultures were made from the collection, and attempts to reproduce the 
experiment were unsuccessful. This, evidently, was not the result of any 
contamination, for all precautions of sterilization were followed in 
carrying out this experiment. Apparently there must be a stage in the 
cycle of this microérganism when it is capable of passing the pores of a 
Berkefeld filter. 

By means of the second method of sputum treatment the above- 
described microérganism was isolated almost as frequently. However, 
another group of germs were isolated which are of significance in the study 
of tuberculosis. From 6 specimens of sputum of clinically tuberculous 
cases a group of microdérganisms, consisting of diphtheroid bacilli, gran- 
ular forms, and granules or coccoid bodies, was cultured. This group 
could always be found in the same colony formation and were incapable 
of being separated. The cultural characteristics were very similar to 
those of the gram-positive bacillus previously described, with the excep- 
tion that the mature colonies were smaller and the wrinkled and rugated 
surface more delicate and more closely associated. In glycerin-broth 
the growth showed more of a tendency to be diffuse and dispersed 
throughout the medium, giving it a cloudy appearance. 

Microscopic examination revealed a slow motility of the diphtheroid 
bacilli and granular forms. The group was non-acid-fast and gram- 
positive. The granules and coccoid bodies were distinctly gram- 
positive, the remainder of the organism being indifferent. The granules 
in the granular forms ranged in number from 2 to 8 or 10, sometimes 
giving the appearance of streptococci. In some of these granular forms 
one or two granules would be enlarged to about twice the size of the rest, 
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giving them the appearance of clubs or dumbbells. The diphtheroid 
bacilli were largely club-shaped and cigar-shaped in appearance. These 
were more numerous in early cultures from sputum, but on transplanting 
gave way to the granular forms. No spore-formers were noted in this 
study. 

The microérganisms were not as enduring as the spore-forming bacillus 
described. They remained alive on culture without transplanting for 
three to five months, and were killed by a temperature of 56°C. in water 
in thirty minutes. 


PATHOGENICITY 


In studying the pathogenicity of these organisms it was found that they 
possessed considerable pathogenic powers. Five rabbits and 2 guinea 
pigs were inoculated subcutaneously with the gram-positive, spore- 
forming bacillus. Each was given a dose of about 3 loopfuls of the 
cultures in salt solution. Three of the rabbits and one of the guinea 
pigs died within three months from the date of inoculation. Rabbit 1 
was inoculated November 11, 1925, and died January 25, 1926. Rabbit 
2 was inoculated April 5, 1926, and died May 10, 1926. Rabbit 3 was 
inoculated October 9, 1926, and died November 30, 1926. The other 
two rabbits were inoculated at the same time as rabbits 2 and 3, but 
recovered from the infection. Both guinea pigs were inoculated on 
August 14, 1926; one died October 25, 1926, and the other apparently 
recovered. 

In all cases in which infection from inoculation was successful a caseous 
discharging lesion developed in one to two weeks. ‘These lesions per- 
sisted until the death of the animal. Of those that lived, one rabbit and 
one guinea pig developed nodules, which persisted for about a month and 
then disappeared. All of the infected animals became emaciated and 
grew weak as the disease progressed. 

A cytological examination of the blood of two rabbits gave rather 
peculiar findings. An eosinophilia and lymphocytosis made up the 
predominant picture. The following is a total and differential white 
cell count: 

Rabbit 1 Rabbit 3 
Total white cell count 42,000 Total white cell count 
Polymorphonuclear leucocytes percent Polymorphonuclear leucocytes 
Eosinophiles Eosinophiles 


Basophiles Basophiles 
Neutrophiles Neutrophiles 
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Lymphocytes percent Lymphocytes 


Autopsy of the animals revealed the following findings: 


Rabbit 1 showed multiple miliary nodules of the lungs and liver. Micro- 
scopically these had all the characteristics of tubercles, except that giant 
cells as a rule were infrequent. Rabbit 2 showed an enlarged gall- 
bladder completely studded with nodular protrusions. Much caseation 
was noted, but the lesions were rather atypical. Several nodules were 
also found in the liver, which were more typical, histologically, of tuber- 
culosis. Rabbit 3 showed a caecum massively enlarged and studded 
with nodules, which were similar to those found in the gall-bladder of 
rabbit 2. Autopsy of the guinea pig revealed much destruction and 
caseation of the lungs, liver and spleen. The abdominal lymph nodes 
were enlarged, but not the axillary or inguinal nodes. 

In all cases the subtilis-like bacillus was isolated from the various 
lesions in pure culture. The characteristics were identical with the 
original microérganism. In no case was it possible to demonstrate the 
microérganism in the lesions after making smears from these, yet a 
growth could be obtained on culturing the lesion as described. 

In studying the pathogenicity of the diphtheroid and granular group 
of microérganisms 2 rabbits were inoculated from cultures obtained 
from a case of bronchiectasis and a case of pulmonary tuberculosis. 
After two days they showed much swelling and hyperemia at the point 
of inoculation. One animal died in seven days and the other in nine 
days. 

Autopsy revealed that the first animal had massive involvement of 
both lungs. The left lung was a complete caseous mass, except the lower 
lobe which only showed congestion. The right lung occupied the greater 
portion of the chest cavity. It was matted by pleural adhesions to 
portions of the chest. The heart was pushed into the upper left thorax. 
Incision of the lung allowed to flow out about a half-ounce of cheesy 
white fluid that had all the appearances of a tuberculous discharge. A 
cavity of the lung remained after draining out this fluid. A smear of 
this cheesy fluid showed caseous material and numerous granular and 
diphtheroid microérganisms similar to the original culture. The micro- 
organism was recovered in pure state from these lesions. There was no 
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involvement of other organs except at the point of inoculation, where 
there was caseous material. 

Autopsy of the second animal showed caseation of the greater portion 
of both lungs. Small cavities of caseous, cheesy fluid were noted on 
incising the lungs. The, microérganisms were demonstrated in the 
lesions from smears. They were also cultured in pure state as in the 
original culture for inoculation. There was no involvement of other 
organs noted. | 


IMMUNOLOGICAL STUDY 


Following the study of these microdrganisms, which were of such a 
diversified nature morphologically, but culturally and pathogenically 
showed relationships, an investigation was made immunologically, to 
determine whether they were related so far as their protein structure was 
concerned. Left from previous experiments on pathogenesis were two 
rabbits and one guinea pig, which had already received an initial or 
sensitizing dose of protein of the subtilis-like microdrganism. One of 
the rabbits was given its second injection, subcutaneously, of a killed 
culture of the subtilis-like germ. In twenty-four hours the rabbit 
developed a large red areola of about 4-cm. diameter. This reaction 
gradually disappeared in three days. On the tenth day the animal 
suddenly developed symptoms of anaphylactic shock, and died within 
three hours. Autopsy revealed no lesions. The abdominal veins were 
i distended, the muscles spastic, and the lungs inflated. Apparently, 
i the animal died of a protein reaction. 

The second rabbit was given a subcutaneous injection of a killed 
culture of the diphtheroid and granular group. In twenty-four hours 
there was a very red areola, about 3 or 4 cm. in diameter, which appeared 
at the point of inoculation. On the second day the animal was restless, 
and held its head retracted. On the third day it developed incoérdina- 
tion of movement, and abrupt, jerky breathing. Shortly after the 
animal ceased breathing it was autopsied. This revealed the lungs 
white and inflated, irregular peristalsis of the intestines, a tortuous and 
dilated inferior vena cava, and a hypertonicity of the lumbar muscles. 
No demonstrable pathological lesions could be noted. The animal 
apparently died of anaphylaxis. 

This work was continued on the guinea pig. A suspension of tubercle 
bacilli was made from an old culture. This was heated to 60°C. for one 
hour and injected subcutaneously. A dull red areola appeared about the 
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point of inoculation on the second day, and persisted until the fourth or 
fifth day, when it gradually disappeared, leaving a small nodular mass on 
the abdomen. The animal was apparently doing well until three weeks 
elapsed, when it suddenly developed weakness and difficult breathing. 
It died in two days. Autopsy showed inflated lungs but no pathological 
ckanges. The only pathological changes noted in the rest of the organs 
were a few ulcers in the lower bowel. This animal showed reactions 
somewhat atypical of anaphylaxis, yet the findings seem to indicate 
a reaction from protein sensitization. 

In addition to the above study a series of precipitin tests, with products 
of these microérganisms in solution and serum from tuberculous patients, 
was carried out. The serum was obtained from patients who gave 
positive laboratory and clinical evidence of tuberculosis. The subtilis- 
like microdrganism was grown in glycerin-broth for three weeks. The 
broth was filtered and freed from the germs. A series of 12 tests was 
made by overlaying the serum with the filtered broth. One cubic centi- 
metre of serum and one cubic centimetre of broth were used. Nine of 
the tests gave a pronounced white precipitation ring at the junction 
between serum and broth, one gave a faint cloudiness, and two showed 
nothing. These tests were incubated for two hours before they were 
read. 

Additional precipitin tests were carried out on the extracts from the 
diphtheroid and granular group as antigens. The microérganisms were 
grown in broth for one week and then removed by: filtration. The tests 
were performed in the same way as for the subtilis-like microdrganisms. 
Six tests were set up. Five of the 6 tests demonstrated positive pre- 
cipitation rings between the serum and broth. 

As a control to these tests, serum obtained from a healthy rabbit was 
used, which gave no positive test with either of the broth filtrates. The 
reason for using a rabbit serum was that such a great percentage of the 
human race show positive tests for sensitization to the tubercle bacillus. 
In this way I hoped to eliminate error as much as possible. 

In studying the agglutinating powers of tuberculous serum on these 
microérganisms it was found that agglutination was quite unsuccessful 
with the subtilis-like microédrganisms. A slow agglutination was ob- 
tained with this microérganism in about 30 per cent of the tests. These 
unsatisfactory results were attributed to the fact that this bacterium was 
a spore-former and, when placed in an adverse environment, it reacted 
by throwing out its protective mechanism. In most of the microscopic 


3 


338 FRANCIS M. DUFFY 


work highly refractile ovoid bodies were observed, dancing and tossing 
about in a hanging drop. On staining, many spores were found. In the 
case of diphtheroid and granular forms, agglutination would occur 
almost instantly while examining microscopically. Agglutination of the 
diphtheroid and granular forms by the serum of tuberculous patients 
was demonstrated in about 50 per cent of the work. Studies were 
made with undiluted serum. 


DISCUSSION 


That there are stages in the cycle of the microédrganism, which cause 
tuberculosis, other than just the acid-fast stage seems to be more or less 
true. Marmorek reported that he could demonstrate non-acid-fast and 
acid-fast forms in the same culture. He showed the non-acid-fast to 
be virulent and living. Tebernsky (16) was able to show that micro- 
organisms isolated in pure culture from tuberculous pus showed varying 
degrees of acid-fastness. He concluded that young cultures were non- 
acid-fast and older ones acid-fast. Tint and Breskman (17) have 
demonstrated that cultures of tubercle bacilli show non-acid-fast bacilli 
in young cultures and acid-fast forms in older cultures. They further 
maintain that the non-acid-fast types are virulent and pathogenic. 
Vaudremer (18) and Valtis (19) have been able to produce tuberculous 
lesions with Berkefeld filtrates from tuberculous material, thus indicating 
a filterable-virus stage of the germ. Much (20) described the finding of 
non-acid-fast granules and non-acid-fast bacilli in tuberculous lesions 
and found these to be virulent. His work was duplicated by Ferran. 
Maher (21) reported bacillus-subtilis spores being capable of becoming 
acid-fast. He further reported a certain percentage of protein reactions 
with Bacillus subtilis similar to the Pirquet reaction with tubercle 
bacilli. 

In this study two types of microérganisms have been investigated, 
one having all the morphological characteristics and sugar reactions of 
Bacillus subtilis but presenting cultural characteristics of the tubercle 
bacillus. As reported in the course of this work, there seems to be a 
stage when it is capable of passing a Berkefeld filter. The other micro- 
organisms or group is made up of granules, diphtheroid bacilli and 
granular forms. Pathogenically, the subtilis-like microérganism is not of 
a highly virulent type but is capable of producing a chronic or protracted 
disease. Further, it would appear that it is not highly selective as to the 
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location of lesions. One of the rabbits died of a miliary infection of lungs 
and liver, a second died of extensive lesions in the gall-bladder and liver, 
a third died of lesions of the caecum, and the guinea pig of lesions in the 
lungs, liver and spleen. 

The diphtheroid and granular group shows a high type of virulence 
and selectivity. In both animals which died in periods of seven and 
nine days the lungs were the sites of lesions, and presented all the charac- 
teristic lesions of pulmonary tuberculosis. Consequently both, although 
morphologically different, are capable of producing lesions in the animal 
body. 

In reviewing the work from protein reactions it appears that these 
two microérganisms are allied in nature, and that their relationship 
is closely linked up with the acid-fast bacillus of Koch. In protein- 
sensitization experiments they give specific reactions with one another. 
When using extracts of either of these microérganisms for an antigen and 
using serum from tuberculosis patients, the precipitin tests seem to 
present considerable evidence of their relationship to each other and 
also to the tubercle bacillus of Koch. 

Agglutination experiments were not highly satisfactory; nevertheless 
the fact that some reactions were produced seem to show additional 
evidence of their relationship. 

Fundamentally this work seems to bring together the findings of 
various investigators, from the finding of a filterable virus, through sub- 
tilis-like micro6rganisms and through the granules and granular bacilli 
of Much, to the acid-fast bacillus of Koch. 


SUMMARY 


1. A study has been made of two groups of microérganisms, one a 
spore-former similar to Bacillus subtilis and the other a group composed 
of coccoid bodies, diphtheroid bacilli and granular forms. 

2. These forms possess pathogenic powers as described. 

3. Their relationship was indicated by three methods of study, (1) by 
pathogenicity, (2) by anaphylactic reactions, and (3) by precipitin tests 
on tuberculous serum. 

4, They also possess a protein relationship to the bacillus of Koch. 

5. The bacillus of Koch is apparently the end-microérganism of a 
chain of mutation forms. 
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THE RED-CELL SEDIMENTATION TEST IN CHILDREN'’ 


E. M. GREISHEIMER, J. A. MYERS, N. P. PETERSON, A. D. KLEIN 
AND A. COLLINS 


A comprehensive review of the work that has been done on the red- 
cell sedimentation test will not be attempted in this article. The atten- 
tion of the reader is called to only a few of the observations made by pre- 
vious workers. Fahraeus (1) succeeded in renewing interest in the test 
within the past eight years. Linzenmeier (2)(3) improved the technique 
of the test and studied it in various pathological conditions. 

Hober (4) continued and extended the investigations which had been 
begun by Fahraeus. He found that the negative charge of the red cor- 
puscles is comparatively great in a solution of serum albumin, smaller in 
serum globulin, and smallest in fibrinogen. In pregnancy and other 
conditions, associated with an increased speed of sedimentation, more 
globulin than usual is adsorbed to the corpuscles. The hydrogen-ion 
concentration, in which the tendency of globulin to flocculate is maximal, 
lies near that of the blood; therefore, the adsorption to the corpuscles 
makes the suspension less stable than is the case with albumin. 

Linzenmeier (5) believed that the specific gravity and viscosity of the 
blood play a great réle in the phenomenon. However, the specific 
gravity of the erythrocytes and plasma of horses and cows differs very 
little, yet horse’s blood settles in twenty to thirty minutes, and cow’s 
blood in a week. The electrical charge is important, as is the content of 
fibrinogen and globulin. 

Alexander (6) stated that the sedimentation rate is probably related 
to the fibrinogen and globulin content, and to the viscosity. He found 
the rate accelerated in active tuberculosis and in acute inflammations. 

Groedel (7) in his study of 304 people found no parallelism between the 
speed of sedimentation and the viscosity of the blood. Frosch (8) be- 
lieved that the rate of sedimentation is dependent upon some constit- 
uent in the plasma rather than in the red cells. 

1 From the Departments of Physiology and Preventive Medicine, University of Minnesota, 


and, The Lymanhurst School for Tuberculous Children, Minneapolis, Minnesota. 
2 This study was carried out with the aid of a grant from the Research Fund of the Uni- 


versity of Minnesota. 
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Plant (9) was of the opinion that an increased auto-agglutination in a 
rapid sedimentation is due to an increased fibrinogen content of the 
plasma. Gardere (10) found a rapid sedimentation rate in tuberculous 
children; and Nees (11) that, in children from the time of birth until the 
fifth week, twenty-five hours was the time required for the cells to reach 
the 24 mm. mark in the Linzenmeier method, while from five weeks until 
the fourteenth year, 100 minutes was the time required to reach this 
mark; in adult males the time increased to twenty hours, and in adult 
females to from thirteen to sixteen hours. 

Cutler (12) believed that the fundamental ultimate cause of increased 
sedimentation depends upon the degree of cellular destruction going on in 
the body. Branch (13) stated that both fibrinogen and globulin in- 
creased the rate, while albumin decreased it. Acute inflammations are 
associated with high fibrinogen values of the blood and a faster rate of 
sedimentation. Foster (14) found that acute infections stimulate fibrin- 
ogen production in dogs and human beings. Cooper (15) believed that 
the cause of rapid sedimentation is associated with hypercholesterin- 
emia as wel] as with an increase in globulin and fibrinogen in the blood. 

Friedlander (16) observed that the cells of defibrinated blood require 
four to six times as long to settle as those of citrated blood of the same per- 
son, and attributed auto-agglutination to a change in the electrical charge. 


METHOD 


Very little information is recorded regarding the sedimentation test in 
children. A group of 152 children in the Lymanhurst School were tested. 
They ranged from six to seventeen years of age, and were all attending school 
regularly. In practically every case the X-ray showed moderately enlarged 
calcified hilum lymph nodes, and masked juvenile tuberculosis was the usual 
diagnosis. 

The blood was drawn by venipuncture between 11 a.m. and 12 m., and the 
readings were made soon afterward. Cutler’s method was used. Records 
were kept of the age, weight, results of the ring, Pirquet and Mantoux tests, 
hemoglobin (new Sahli method) and red-cell and leucocyte counts. 


RESULTS 


The results are presented in tables I and II, arranged according to sex 
and age. The sedimentation-index readings were taken every five 
minutes during the first hour, and at frequent intervals thereafter, but 
lack of space prevents the incorporation of other results in the tables ex- 
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cept that at the end of one hour and twenty-four hours. The sedimen- 
tation test and blood counts could not be done simultaneously; conse- 
quently some of the children were transferred back to the home schools, 
before the blood counts had been made. A few others were omitted 
because of lack of time. 

In the group of children examined there is apparently no correlation 
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between age and the sedimentation index, or between sex and the index. 
This can be seen most easily by the following summary: 
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Boys Girls 
years average time years average time 
in minutes in minules 


10 17- 7.4 10 6- 7.2 
11 3- 9.0 11 19- 6.4 
12 9- 9.0 12 11- 5.6 
13 S- 7.2 13 14- 7.8 
14 2- 9.5 14 9- 6.1 
15 3- 9.3 15 4- 5.5 

17 1-10.0 


It was then desired to determine whether the sedimentation rate bore 
any relation to the weight of the children. Only a few examples will be 


TAMLE 13. SCSULTS OF SEDIMEMATION TESTS: WTS. 
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pointed out. Among the twelve-year-old boys, one weighing only 52 
pounds had an index of 3 mm., and one weighing 93 pounds an index of 
19 mm. Among the thirteen-year-old boys, one weighing 60.5 pounds 
had an index of 4, as did one weighing 118 pounds. However, if we 
examine the nine-year-old group, we notice that one boy weighing 37 
pounds had an index of 24, and one weighing 60 pounds an index of 11. 
In the eleven-year-old group, one weighing 57.75 pounds had an index 
of 14, and one weighing 74 pounds had an index of 5. Similar cases are 
found among the girls; so we must conclude that weight alone bears no 
relation to the sedimentation test. 
As concerns the Larson ring test, only 4 girls showed a constantly posi- 
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tive test. The index was 10 in two cases, 11 in one, and 23 in the other, 
giving an average of 13.5mm. Fifty were definitely negative, the lowest 
index being 2, the highest 25, and the average 7.1mm. There was only 
one boy with a positive ring test, and his index was 11 mm. Thirty- 


TABLE III. 
HEMOGLOBIN PERCENT IN RELATION 70 SEDIMENTATION TEST. 


=z 


HEMOGLOBIN 
PERCENT 


63 
68 
69 
70 


71 
72 
75 
76 


1 
1 
1 
1 
2 
3 
1 
2 
2 
2 
2 
3 


three were negative, ranging from 2 to 22, with an average of 7.4 mm. 
No distinct correlation can be made out, since there are so few positive 
cases; however, the tendency seems to be toward a faster sedimentation 
rate in the few positive cases than in the numerous negative ones. 

The results of the Pirquet tests were examined. Of the girls, 57 showed 
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negative tests, the lowest index being 2 and the highest 22, with an 
average of 6.8 mm. Fourteen showed negative tests, ranging between 
2 and 17, with an average of 7.9mm. Forty-three boys exhibited posi- 
tive tests, ranging between 2 and 22, with an average of 8.5mm. Nega- 
tive tests were found in 8 cases, ranging from 2 to 18 mm., with an aver- 
age of 7.0 mm. The boys thus tended to have a faster sedimentation 
rate in those having positive Pirquet tests, but the condition is reversed 
in the girls. 

Thirty-nine girls showed positive Mantoux tests (2 to 22), with an 
average index of 7.1mm. Twelve gave negative results (2 to 23), with 
an average index of 7.3 mm. Twenty-six boys showed positive tests 

TABLE IV 
WHITE CELL COUNT IN RELATION TO SEDIMEPTATION TEST: -GIRLS 


Number of Cases White Count Sedimentation Index 24 hr. reading 


1 4,000 = 4,900 
4 5,000 = 5,900 
6,000 = 6,900 
7,000 = 7,900 
8,000 = 8,900 
9,000 = 9,900 
10,000 =10,900 
11,000 -11,900 
12,000 

14,000 


15,000 


(2 to 24), with an average index of 9.5 mm. Eight showed negative 
tests (2 to 11), with an average index of 6.4mm. Again the boys tended 
to have a faster sedimentation rate when they had positive Mantoux 
tests, but the condition is reversed among the girls. 

The hemoglobin percentage was examined in connection with the 
sedimentation test to determine whether or not any correlation exists 
between the two. The results are presented in table III, which shows 
that there is no relation between the hemoglobin percentage and the 
sedimentation index or the 24-hour reading. 

The red counts were examined for a possible relationship to the sedi- 
mentation results. Of the boys, 19 had red counts between 4,400,000 
and 4,990,000. The index varied from 2 to 11 mm., with an average of 
6.4 mm.,and the 24-hour reading varied from 18 to 26, with an average of 
23.6 mm. There were 31 whose red counts were between 5,000,000 and 
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5,970,000, whose index varied from 2 to 24, with an average of 9.0, and the 
24-hour reading varied from 21 to 30, with an average of 25.3 mm. 
Thirty-six girls had red counts between 4,000,000 and 4,990,000; the 
range of their index was from 3 to 23, with an average of 7.5 mm., and the 
24-hour reading was from 19 to 28, with an average of 23.3mm. Twenty- 
six had counts between 5,000,000 and 5,970,000. Their index varied 
from 2 to 15, with an average of 6.5 mm., and the 24-hour reading varied 
from 19 to 26, with an average of 23.0 mm. Again we notice that no 
relationship exists between the red-cell count and the index, or between 
the red-cell and the twenty-four hour result. 

The white counts were examined, and the results are shown in tables 
IV and V. It will be noticed that there is no constant increase in the 


TASLE V 
WHITE CELL COUNT IN RELATION TO SEDIMENTATION TEST; BOYS 


Number of Cases White Count Sedimentation Index 24 hr. reading 
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index with an increase in white count, although it has been shown by 
many investigations that the cells sediment more rapidly in infections. 


SUMMARY AND CONCLUSIONS 


1. No correlation was found between age and the red-cell sedimenta- 
tion index. ‘The latter seems higher in children than in adults. 

2. No marked differences were found between boys and girls. In 
most cases the girls showed a slightly slower sedimentation rate than 
boys, but this did not hold constantly in the group examined. 

3. Weight did not seem to be a determining factor in the sedimentation 
test. 
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4, There were very few children who showed a positive Larson ring 
test, but these few showed a faster sedimentation than the children hav- 
ing negative tests. 

5. The boys having positive Pirquet tests showed a faster sedimenta- 
tion rate than those having negative tests, but the condition was reversed 
in the girls. 

6. The boys having positive Mantoux tests showed a faster sedimenta- 
tion rate than those having negative tests, but the condition was reversed 
in the girls. 

7. No definite relationship between the percentage of hemoglobin (new 
Sahli) and the sedimentation index or 24-hour reading was found. 

8. The 24-hour reading did not appear to be related to the red-cell 
count. 

9. In some cases in which the leucocyte count was high, a faster 
sedimentation rate was found. However, in other cases showing a rapid 
rate, the leucocyte count was low, while in others showing a slow sedi- 
mentation rate it was high. The short time elapsing between the sedi- 
mentation tests and the blood counts may have made a slight difference 
in the results. 

10. No fibrinogen values have been determined in this series. No 
values have been found for children, although Mathews states (17) that he 
believes that the fibrinogen content of young animals would be found to be 
higher than that of older animals. Perhaps a correlation exists between 
the fibrinogen content and the sedimentation rate, as previous authors 
have suggested. 
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MANOMETER READINGS AND ACTUAL PRESSURES IN 
ARTIFICIAL PNEUMOTHORAX 


W. J. DOBBIE! 


It is customary in artificial-pneumothorax work to measure intra- 
pleural pressure by means of a water manometer. This is from 30 to 40 
cm. in length. It is customary also to have the manometer made with 
bulbous ends, so that the fluid may not be readily forced out by cough, 
or drawn into the pleural cavity by an exceptionally great negative 
pressure. 

A mercury manometer can also be used, and the apparatus used by 
Brauer, Saugman, and Hansen, possess both a water and a mercury 
manometer, the latter being used for the recording of very high or very 
low pressures. 

Usually the ‘“‘open-tube” type of manometer is used, but Forlanini 
used an apparatus in which the open end could be closed by a tap, form- 
ing a “‘closed-tube”’ type. 

The estimation of pressures in both of these types needs some con- 
sideration if the meaning of the ‘‘readings” as ordinarily used is to be 
appreciated. 


In the “‘open-tube”’ type of manometer 
Let X = pressure on the surface at a 
Y = pressure on the surface at b }See figures 1 and 2 
A = pressure of one atmosphere 
(1) When the liquid is at the same height in each tube (figure 1), the 
pressure on the surface at a is equal to the pressure on the surface at , or 
X=Y=A 


(2) When the pressure is greater than one atmosphere at a the liquid 
is at different heights in each tube, b being higher than a (figure 2). In 


this case 
X = Y + the pressure of a column of liquid of a height a to b 


1 Weston, Canada. 
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(3) If the line cd be marked 0, then the height a to 6 can be measured 
and will be the height of (0 to a) + (0 to 6). But as these two heights 
are always equal the height a to bd is equal to twice the height o to b, and 
X =Y + the pressure of a column of liquid of a height 2 (0 to 0). 


(4) Now if the height o to b be in any case 5 cm., 
X = Y + the pressure of a column of liquid of a height of 2 X 5 cm., 
or X = A + the pressure of a column of liquid of a height of 10 cm. 
But as an atmosphere is the equivalent of the weight of a column of 
water 76 X 13.6 cm. in height, each centimetre of height of the column of 


Fic. 1 Fic. 2 


Fic. 1. Diacram SHOWING “OPEN” MANOMETER WITH A PRESSURE OF ONE 
ATMOSPHERE AT @ 
Fic. 2. DiaGRAM SHOWING “OPEN” MANOMETER WITH A PRESSURE OF MoRE THAN ONE 
ATMOSPHERE AT @ 


1 


76 x 136 or 1033 of an atmosphere. 


water represents a difference of 


In round numbers this may be called “ool of an atmosphere; so that 10 


cm. would represent a of an atmosphere and the formula becomes 


4-0 
100 100 
In order, of course, for this to be even approximately correct, baro- 
metric pressure, temperature, gravity, and friction factors should be 
taken into consideration even if corrections on account of the expansion 
of the glass of the manometer tube at different temperatures are omitted 
as being negligible because it is so small as compared with the expansion 
of the water itself due to change of temperature. 


S 
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Without considering any of these, however, the reading on the manom- 
eter may be used as a means of comparing the pressure at one time 
with that of another, if it be kept in mind that it does not.in itself register 
the actual pressure, nor does it even give the ratio existing between one 
pressure and another directly. For example, it is clearly incorrect to 
suppose that a manometer reading of + 10 cm. represents a pressure 
equal to twice that represented by a manometer reading of + 5 cm. 

The pressure at 10 cm., according to the above formula, is 

20 102 

X =A+——A=A+4+— A= —A 
+7000 *700 100 
while the pressure at 5 cm., is 
10 101 
X =A-+——A = — 
1000 100 
so that the pressure represented by +10 cm., is only = 


101 of the pres- 


sure represented by +5 cm. 


Fic. 3. DiaGRAM SHOWING “OPEN”? MANOMETER WITH A PRESSURE OF LESS THAN ONE 
ATMOSPHERE AT @ 


Similarly, when the pressure at a is less than that on the surface at ), 
the levels will be again at different heights, 5 being lower than a. 
(Figure 3.) 

In this case the same calculations hold, except that the results will be 
negative instead of positive. 


X = Y — the pressure of a column of liquid of a height a to 3, and if 


the original line cd be marked o. 
X = Y — the pressure of a liquid column of height a to 6, which equals 


A 
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the heights (0 to a) + (0 to b). But, as these latter are always equal, 
X =Y —2(otod). 
and if oto b = 5 cm. 
X =Y—2X5cm. 
=A—2xX5cm. 
1 99 


oX¥=A- = 004 
2 


and at a reading of 10 cm. the formula becomes X = A — i00 A= 


bed A; and by comparison the pressure represented by a reading of — 10 


100 
cm., is only s of the pressure represented by a reading of — 5 cm. 


Fic. 4 Fic. 5 


Fic. 4. DiacRam SHOWING “CLOSED” MANOMETER WITH A PRESSURE OF ONE 
ATMOSPHERE AT @ 
Fic. 5. Dracram SHOWING “CLOSED” MANOMETER WITH A PRESSURE OF MorE THAN ONE 
ATMOSPHERE AT @ 


The formula indicates, however, that the reading may be used, as a 
guide, with the above reservationsin mind. Since xX = A+ 2X reading, 
and since A and the multiplier 2 are constant, one reading may be com- 
pared with another. 


In the “‘closed-tube” type of manometer the calculation is not so 
simple. 

Let H = the height of a column of air in a closed tube when the liquid 
is at the same level in both tubes, 5 to cin figure 4. 


E > ¢« D 


356 W. J. DOBBIE 


When pressure is applied on the surface at a let H' be the height of the 
column of air in the closed tube, to c in figure 5. Assuming that the 
bore of the manometer tube is uniform, then 

the pressure of this air-column is ; 1 of A. 

The difference in the height of the columns of liquid in the two limbs 
of the manometer is 2(H — H') 

X = the pressure of a column of liquid of length 2 (H — H') + 
H 


So, in the case of a closed manometer in which H = 50 cm., if the read- 
ing is 5 cm. above o the value of H! would be 45 cm. The formula then 
would be 


X = the pressure of a column of liquid of a height 2 (H — H') +z! A 


(A being the length of a water barometer or 76 X 13.6 cm. or 
1033 cm.) 
= the pressure of a column of liquid of a height 2 (50-45) cm. 
50 


50 


= the pressure of a column of liquid of a height 10 cm. +; > s4 


= 10cm. +1148 cm. = 1158 cm. 
Similarly, when the reading is +10 cm., 


X = 2(50 — 40) cm. +34 


50 
= 20 cm. +7, A (where A means the height of a mercury barom- 


40 
eter in cm.) 
= 20 cm. +1291 cm. = 1311 cm. 
1311 437 

So that the pressure of a reading of 10 cm. is ~~ 1158 ©" 386 of the pres- 
sure of a reading of +5 cm. 

The “closed-type” is not a convenient form of manometer for use in 
making comparisons at ordinary pressures, and is usually used in meas- 
uring extremely low pressures. 

In using either the “open” or the “‘closed” type of manometer, if actual 
pressures are desired it would be necessary to prepare a tabulated form 


| 
i 
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with results worked out for differences of pressure met in practice. In 
the case of the “open” manometer, such a tabulated form would run 
somewhat as follows, the readings being approximations only: 


manometer reading actual pressure 
cm. atmosphere 


0 = 0.0 
5 1.01 
10 1.02 
15 1.03 
20 
25 
30 
35 
40 
45 
50 


This tabulated form would have to be consulted for each “reading” 
of the manometer. There would seem, however, to be little advantage 
to be derived from such a procedure. 

The important point to bear in mind is the fact that a difference of, 
say, 5 cm. in the manometer reading indicates a difference of only 0.01 of 
an atmosphere in actual pressure. 


Table of manometer readings and actual pressures using an “open” type of manometer 


manometer reading actual pressure manometer reading actual pressure 
atmosphere atmosphere 


1.0 0.052 
1.002 1.054 
1.004 1.056 
1.006 1.058 
1.008 1.06 
1.01 


1.012 = 1.062 
1.014 1.064 
1.016 = 1.066 
1.018 1.068 
1.02 1.07 


1.022 = 1.072 
1,024 1.074 
1.026 1.076 
1.028 1.078 
1.03 1,08 


0 = 
= 
2 = 
3 = 
4 = 
5 = 
6 = 
= 
8 = 
9 
10 = 
11 ~ 
122 ° 
13 = 
14 = 
15 = 


358 W. J. DOBBIE 


Table of manometer readings and actual pressures using an “open’’ type of manometer 


manometer reading actual pressure manometer reading actual pressure 
cm. ain osphere cm. atmosphere 


41 1.082 
1.084 
1.086 
1.088 
1.09 


16 
17 
18 
19 
20 


9-9 


1.092 
1.094 
1.096 
1.098 
1.10 


21 
22 
23 
24 
25 


= 1.042 46 = 

= 1.044 47 = 

= 1.046 48 = 
= 1.05 50 = 


TUBERCULOSIS IN INFANTS 


THE INCIDENCE, SIGNIFICANCE AND COURSE OF INFECTION IN 
RACIAL AND OTHER GROUPS, AND ITS RELATION TO - 
EXPOSURE! 


M. ALICE ASSERSON? 


Among infants the diagnosis of tuberculous infection and of clinical 
tuberculosis in its earliest manifestations is practically impossible without 
the assistance of tuberculin skin tests and X-ray examinations. As a 
consequence of the more frequent and routine use of these diagnostic 
methods there is taking place a gradual modification of the former very 
general belief that the infant’s resistance to the infection is so low as to 
result inevitably into progressive and fatal disease. Recent studies and 
observations indicate that many infants, known to be the subjects of 
tuberculous infection or disease, develop a surprisingly high resistance 
to their infection, and that not a few even recover from the disease in its 
more advanced forms. , 

Drolet (1) compares the estimated incidence of tuberculous infection 
among infants under one year of age in New York City with their mor- 
tality rate from tuberculosis. He considers the incidence of infection to 
be about 10 per cent. On this basis he calculates that among 130,000 
infants, who were born in this city in 1923, about 13,000 would have 
shown infection within their first year. If the infants’ resistance to the 
infection is as low as we formerly believed it to be, a correspondingly 
high death-rate from tuberculosis would be anticipated. As a matter of 
fact, in 1923 among 8,578 babies under one year of age who died in New 
York City, only 122 were reported to have died from tuberculosis. No 
doubt, the tuberculosis death-rate in infants is higher than the figures 
given, as diagnosis is difficult, especially if X-ray and laboratory examina- 
tions have not been available. It is also probable that the incidence of 
tuberculous infection among the general infant population is lower than 
the 10 to 12 per cent estimate, which is quite universally accepted. But, 
taking into consideration the fact that the above figures may not give an 


1 A report of the Children’s Service of the New York Tuberculosis and Health Association. 
2? Secretary, Children’s Service, New York Tuberculosis and Health Association. 
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exact ratio between the number infected and the number who die of the 
disease, they indicate strongly that the proportion who die is small in 
comparison with those who become infected. Krause (2) has commented 
similarly. 

Krause (2) mentions that Hempelmann, in 1917, deplored the lack of 
follow-up studies of infants with tuberculosis. The latter reported an 
average mortality rate of only 68 per cent from pulmonary tuberculosis 
in 130 infants under two years of age, and stated that some of these 
children were still living after four and five years. 

In order to obtain recent figures relating to the incidence of tuberculous 
infection among groups of infants in a large city like New York, where 
opportunities for exposure abound, and also to investigate the relation of 
exposure to infection and to learn more concerning the significance and 
course of infection among a group whose peculiar susceptibility has been, 
from time to time, the occasion of much comment, the Children’s Com- 
mitteee* of the New York Tuberculosis and Health Association undertook 
a study of tuberculosis among infants under two years of age. 


PLAN 


The procedure included a study of hospital and clinic records, over a 
five-year period, of all infants who had been treated at two hospitals for 
various ailments, and who had also been subjected routinely to tubercu- 
lin skin tests upon admission to these hospitals. Follow-up visits were 
made on as many discharged infants as could be found among those 
reported to have had positive skin tests, in order to learn their present 
condition of health and, if possible, to locate the source of their infection. 
During the same period a series of skin tests were made on infants in 
attendance at clinics, and also upon those under the supervision of Baby 
Health Stations, as it was believed that a more correct idea would be 
obtained of the incidence of tuberculous infection among the general 
infant population if groups of apparently well babies were included among 
those to be studied. 

This investigation was made possible by the active and interested 
coéperation of the superintendents, physicians, nurses and other mem- 
bers of the staffs of the New York Nursery and Child’s Hospital and of 


? Members of the Children’s Committee of the New York Tuberculosis and Health As- 
sociation: I. Ogden Woodruff, M.D., Chairman, John W. Brannan, M.D., Oscar M. Schloss, 
M.D., Louis C. Schroeder, M.D., Charles Hendee Smith, M.D., M. Alice Asserson, M.D., 
Secretary, Jessie L. Beard, R. N., Field Worker. 
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the Babies Hospital, where records were made available; and of the direc- 
tors and members of the staffs of the Child Hygiene Bureau and of the 
Research Laboratory of the Department of Health; of the New York 
Diet Kitchen Association, and of the Lying-in Hospital Clinic for Infants. 
Miss Jessie L. Beard was untiring in her efforts in studying records and 
locating babies who had reacted positively to skin tests. Grateful ac- 
knowledgement is hereby made to all who gave of their valuable time 
and assistance. 


INCIDENCE OF TUBERCULOUS INFECTION 


Incidence of Tuberculous Infection among Infants in Hospitals and 
Clinics: The records of 4,003 infants under two years of age, who had 
been treated and routinely skin tested at the New York Nursery and 
Child’s Hospital and the Babies Hospital and Clinics from 1920 to 1926, 
showed that 460, or 11.4 per cent, reacted positively. A further study 
of these records showed that at the time the tests were made 144 of this 
number were under treatment for clinical tuberculosis, in either its ad- 
vanced or chronic forms. If we exclude these who were actively ill, the 
number showing tuberculous infection, but no manifest disease, is 
reduced to 316, or 8.2 per cent. 

McLean and Jeidell (3) at the Babies Hospital, New York City, in 
1922 found 10.5 per cent positive among 2,850 infants under two years 
of age. 

Parisot and Saleur (4) recently studied the reactions of 1,000 children 
in Nancy, France, and found tuberculous infection in 13 per cent among 
those under two years of age. 

Myers and Magiera (5) collected a number of reports, among which 
were those from Armstrong citing positive reactions among 15 per cent 
of a group of 67 infants under two years, who were tested during the 
Framingham Demonstration, and also reports from Sander in Dortmund, 
Germany, who found only 6 per cent positive among 869 infants of this 
same age. 

These variations can, no doubt, be explained in many ways: possibly 
by the nationality of the groups tested or, more probably, by the selection 
of cases, inasmuch as those living in overcrowded, poor sections of large 
cities, where tuberculosis is of more frequent occurrence, would be ex- 
pected to show a higher percentage of infection than would those from 
localities where better and less congested living conditions prevail, and 


RESULTS OF TUBENCULIN SKIN TESTS ON INFANTS 
IN HOSPITALS AND CLINICS 


Neg. 3,543 = 68.6% 


AGE GROUPS OF IKFARTS WHO REACTED POSITIVELY 
TO TUBZROULIN TESTS 
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thus provide fewer opportunities for casual or family exposure. A 
higher incidence of infection would also be looked for among hospital or 
clinic patients, which included cases of active tuberculosis, than among a 
group of apparently healthy babies. Hamburger (6), Veeder and John- 
son (7), and Lowey (8) emphasize the above points. Lowey tested 
1,550 children from two to six and one-half years of age. The two-year- 
old group showed positive reactions in 6.2 per cent of cases, which is a 
lower figure than is usually reported from large cities. Lowey makes the 


TABLE 1 
Results of tuberculin skin tests on white and colored infants 


NEGATIVE 
NUMBER 
TESTED 


Number Per cent 


3,374 2,988 88.7 
594 525 88.4 


3,968 3,513 88.5 


TABLE 2 
Results of skin tests on infants of predominating nationalities in New York City 


NEGATIVE 
NATIONALITY OF INFANTS TESTED 


Number Per cent Per cent 


594 525 : 11.5 
141 119 : 15.6 
373 327 ; 12.3 
971 | 860 , 11.4 
514 449 ; 12.7 


2,593 2,280 d 12.0 


point that the real incidence of infection cannot be determined by study- 
ing hospital, dispensary or institutional groups, and that a study of 
children from all social strata and of those in apparently good health 
would give a truer picture of the incidence of tuberculous infection in a 
community. 

Incidence of Tuberculous Infection According to Age: An analysis of the 
incidence of infection, according to age, among the 4,003 whose records 
were studied, showed that infection increased appreciably with each 
age-group, and reached its maximum among the infants between one and 
two years old. (See chart 1.) 
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Number Per cent 
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Total. 
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thus provide fewer opportunities for casual or family exposure. A 
higher incidence of infection would also be looked for among hospital or 
clinic patients, which included cases of active tuberculosis, than among a 
group of apparently healthy babies. Hamburger (6), Veeder and John- 
son (7), and Lowey (8) emphasize the above points. Lowey tested 
1,550 children from two to six and one-half years of age. The two-year- 
old group showed positive reactions in 6.2 per cent of cases, which is a 
lower figure than is usually reported from large cities. Lowey makes the 


TABLE 1 
Results of tuberculin skin tests on white and colored infants 


NUMBER 


TESTED 


Number 


Per cent 


3,374 
594 


2,988 
525 


88.7 
88.4 


3,968 


3,513 


88.5 


TABLE 2 
Results of skin tests on infants of predominating nationalities in New York City 


NATIONALITY OF INFANTS 


NUMBER 
TESTED 


NEGATIVE 


POSITIVE 


Number 


Per cent 


Number 


Per cent 


594 
141 
373 
971 
514 


525 
119 
327 
860 
49 


88.5 
84.4 
87.7 
88.6 
87.3 


69 
22 
46 


65 


11.5 
15 .6 
12.3 
11.4 
12.7 


2,593 


2,280 


88.0 


313 


12.0 


point that the real incidence of infection cannot be determined by study- 
ing hospital, dispensary or institutional groups, and that a study of 
children from all social strata and of those in apparently good health 
would give a truer picture of the incidence of tuberculous infection in a 
community. 

Incidence of Tuberculous Infection According to Age: An analysis of the 
incidence of infection, according to age, among the 4,003 whose records 
were studied, showed that infection increased appreciably with each 
age-group, and reached its maximum among the infants between one and 
two years old. (See chart 1.) 
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Number Per cent 
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Incidence of Tuberculous Infection among Infanis of Different Races 
and Nationalities: The hospital records were next studied, to note the 
incidence of infection among infants of predominating races and national- 
ities. These were strikingly similar. The reactions of Negro, Jewish, 
American and Italian babies ranged from 11.4 to 12.7 per cent while the 
Irish ran as high as 15.6 per cent. The reactions among the white and 
colored were practically the same,—11.3 per cent for the former and 11.6 
per cent for the latter,—an incidence of only 0.3 per cent more positive 
reactions among the colored than among the white infants. McLean 
and Jeidell, among their group which included older children, found the 
reactions in the colored to be 5.5 per cent higher than among the white. 

These results were somewhat unexpected, as it was believed that the 
incidence of infection among these infants would correspond, more or 
less closely, to the tuberculosis mortality rates of the race or nationality 
to which they each belonged, which, according to the records of vital 
statistics for New York City from 1918 to 1921, showed considerable 
variation, and were much higher for some races and nationalities than 
for others. For example, the Negroes and Jewish showed the highest 
and lowest mortality rates, namely, 398 per 100,000 for the Negroes, and 
only 86 for the Jewish. However, the incidence of tuberculous infection 
found among the infants of each of these two races was much the same, 
with a slight preponderance among the Jewish, whose reactions were 
about 1 per cent higher than were those of the Negroes. 

But quite a different picture was disclosed by the follow-up study. 
Although the incidence of infection among the several groups was so 
similar, their manner of reacting to the infection followed more closely 
the mortality rates recorded for each corresponding race and nationality. 
For instance, the highest number of deaths occurred among the Irish and 
Negro infants (7.8 and 5.9 per cent respectively), just as the highest 
death-rates are found among the Irish and Negro populations. The 
lowest number of deaths was among the Jewish infants (only 1.2 per cent), 
just as the lowest death-rate in the city is also among the Jewish people. 
The deaths among the Italian and American babies fell between these 
two extremes, as do also the mortality rates for these two nationalities 
(4.8 among the Italian and 3.5 per cent among the Americans). 

The figures of chart 2 and tables 1 and 2 suggest that perhaps infants 
of various races and nationalities living under similar conditions, such as 


* All whose fathers and mothers were born in the United States were classified as Americans. 
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prevail in a congested city like New York, may have much the same 
opportunity to become infected, but that their ability to resist infection 
runs more or less true to form, according to the race-stocks to which they 
each belong. 

Possibly inherent immunity, which some observers believe may be 
built up, in part, by the process of tuberculization over long periods of 
time, may have played some part in protecting the lives of a few infants 
belonging to the less susceptible races. However, family exposure was 
probably an important factor in mortality, especially among those of the 
more susceptible races and nationalities, such as the Irish and Negro. 
In considering the question of resistance or non resistance to tuberculosis, 
it is also important not to lose sight of numerous other factors, among 
which are those dependent upon living conditions, general hygiene, etc., 
which play such a prominent réle in causing or preventing tuberculosis 
among all persons. 

Incidence of Tuberculous Infection among Infants in Attendance at Baby 
Health Stations, Clinics and Hospitals: Coincidently with the follow-up 
study of hospital records, 1,656 infants in attendance at Baby Health 
Stations and Clinics were tested. The method used was the intracu- 
taneous injection of a 1-1,000 dilution of Old Tuberculin. 

The results from this series of tests and the data gleaned from hospital 
records furnished three other groups for comparative study. The first 
represents the 4,003 infants in attendance at hospitals and clinics, upon 
which this study is based. Among these, 144 had tuberculous disease, 
and the majority, 112, were acutely ill with it in an advanced form. The 
positive reactions among them, as stated previously, were 11.4 per cent. 
The second group were infants in attendance at clinics. Many among 
these were ‘‘feeding cases,’’ while the others represented the usual run 
of clinic cases, but none showed symptoms of tuberculosis. Their posi- 
tive reactions were 4.5 per cent. Infants in attendance at Baby Health 
Stations made up the third group, the majority of whom were in good 
health. These reacted positively in only 1.3 per cent of cases. (See 
table 3.) 

The infants in the second and third groups combined, among which 
there were well babies and none with clinical tuberculosis, gave 3 per 
cent of positive reactions, which is perhaps a more correct estimate of 
the incidence of tuberculous infection among the general infant popula- 
tion under two years of age in New York City than is the 11.4 per cent 
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cited in the first group, which included infants who were ill with the 
disease. 

Incidence of Tuberculous Infection among Infants in Contrasting City Dis- 
iricts: The next consideration was given to infants in contrasting districts 
in the city. The majority in attendance at the Health Stations in the 
Borough of Manhattan were living in poorer and more crowded localities 
than were those visiting the Bronx Stations. A notable difference was 
found in their reactions. Thus, those in Manhattan were positive in 


1.9 per cent of cases, while only 0.4 per cent of those in the Bronx Sta- 


TABLE 3 
Results of tuberculin skin tests on infants in hospitals, clinics and baby health stations 


NEGATIVE POSITIVE 
NUMBER 


TESTED 


Number Per cent Number Per cent 


Infants in attendance at 
3,543 88 .6 
802 95.5 


805 98.7 


5,150 91.0 


TABLE 4 
Intracutaneous tests on infants in baby health stations of two boroughs 


NEGATIVE POSITIVE 


NUMBER 


BOROUGHS TESTED 


Number 


Per cent 


Number 


Per cent 


534 
282 


524 
281 


98.1 
99.6 


10 
1 


1.9 
0.4 


816 


805 


98.6 


11 


1.4 


tions were found to be so (table 4). A similar result was noted by 
Armstrong (9) in the Framingham Demonstration. Children tested were 
tabulated according to districts in the community. Quite a wide varia- 
tion in reactions was found among those belonging to two equally poor 
districts, where two distinct nationalities prevailed, but a comparison of 
the results obtained in the poor, crowded, factory district with those in 
a less congested and better-to-do neighborhood showed that in the former 
the tuberculin reactions of infants under two years of age were as high as 
16 per cent, whereas those in the better district were positive in only 9 


i 

460 11.4 
| 38 4.5 
Baby health stations. ..... 816 11 1.3 
Total number...............| 5,659 509 9.0 
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per cent of cases. The report does not state whether or not there were 
infants in these groups who were ill with tuberculosis. 

Groups of Predominating Nationalities: Here again, as was noted in the 
study of records, reactions of infants of different races and nationalities 
were also similar. There were 0.3 per cent more positive reactions 
among white than colored infants, and, among the infants of the out- 
standing nationalities of New York City, such slight differences as 3.5 
per cent among American, 3.7 among Irish, 2.1 among Jewish, and 1.9 
per cent among Italian infants. 


FOLLOW-UP OF POSITIVE CASES 


As one objective in making this study was to learn something of the 
infants’ resistance to tuberculous infection, upon completion of the study 
of the 4,003 hospital records a follow-up investigation was begun, to 
ascertain the present condition of health of the 460 infected infants. 

The intricacies of following families after intervals of four and five 
years in a city of the size and extent of New York, with its complex and 
constantly shifting population, are remarkable: suffice it to say that the 
resourcefulness of the field worker was taxed to the utmost, and few were 
the stones left unturned in the search. All available sources were used, 
such as Social Service Exchanges, Local Tuberculosis, Health, and 
Relief Societies, Health Department records of birth, disease and death 
registration, families, friends, relatives, neighbors, physicians, district 
priests, corner grocers, and so on. 

For convenience the cases were separated into three groups: 


Group I: Infants with advanced tuberculosis, pulmonary, miliary and 


meningeal, 112 in number. 
Group II: Infants with more chronic forms of tuberculosis, of bones, joints 


and cervical lymph nodes, 32 in number. 
Group III: Infants found to react positively to tuberculin skin tests, but 


without a diagnosis of clinical tuberculosis, 316 in number. 


The last-mentioned group includes a large number of apparently well 
infants, who were under hospital observation prior to being placed in 
boarding homes (the New York Nursery and Child’s Hospital conducts 
a boarding out department for foundlings, orphans, etc.). The others 
in this group were under treatment at the two hospitals and clinics for 
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various illnesses. A fairly large number, when found positive to skin 
tests, received X-ray examinations of the chest, which revealed, in the 
majority of cases, tracheobronchial adenitis of varying degree. Therefore 
group III was subdivided into a and b. 

Group IIIa includes 67 infants who had a positive skin reaction and 
tracheobronchial adenitis as demonstrated by X-ray. The question as to 
the significance and the interpretation of enlarged mediastinal shadows 
arises in connection with these cases. Naturally, a study of records, 
rather than of cases, has obvious disadvantages, as it was not always 
possible to ascertain from the records whether or not there were inflam- 
matory conditions other than tuberculosis, which may have been the 


TABLE 5 
Present status of infants* who reacted positively to tuberculin skin tests according to type of case 


TYPES OF CASES AND PRESENT STATUS 


NUMBER 
OF CASES 


DEAD 


Per cent 


Number 


Per cent 


I. Advanced tuberculosisf.... 
II. “Chronic’’ tuberculosisf.. . 


112 
25 


3.6 
68.0 


108 
8 


96.4 
32.0 


III. a. Tuberculous infection 
{with tracheobronchial 


61 78.7 43 


21.3 
III. b. Tuberculous infection 


(no determined tuber- 


culous pathology) 207 127 61.3 80 


405 196 48 .3 209 $1.7 


* Exclusive of 55 untraced. 
t Includes cases of pulmonary and miliary tuberculosis and tuberculous meningitis. 
+ Includes cases of bone and joint and cervical lymph-node tuberculosis. 


direct cause of the enlarged mediastinal shadows. Krause (10) says, 
““We believe that in the absence of detectable nontuberculous conditions, 
a widened mediastinum in a child who reacts positively to tuberculin 
warrants a presumptive diagnosis of tuberculous infection of the hilum, 
whether the child is or is not ailing.”” However, for the reasons noted 
above, some hesitation was felt in classifying these as tuberculous adeni- 
tis, but the chances are that the majority were of this nature, as 53 per 
cent were known to have been exposed to the disease. 

Group IIIb, which numbered 249, was made up of infants under treat- 
ment for such ailments as ileocolitis, bronchopneumonia, rickets, maras- 
mus, etc. Upon routine skin-testing they reacted positively to tuberculin, 


LIVING 

17 
38.7 
4 


TUBERCULOSIS IN INFANTS 369 


but, since no X-ray examinations of their chests were made, there was no 
determined tuberculous condition, other than that indicated by the 
positive skin reactions. 

Present Condition of Infants in Groups I, II and III: The present 
condition of all but 55 of the 460 positive infants was ascertained (table 
5). The details of these may best be studied by an analysis of tables 6 
and 7, prepared to show the ages of these infants at the time their infec- 
tion or disease was discovered, and also the number of years they had had 
their infection or disease. However, there are several outstanding facts. 
First, among those with advanced tuberculosis whose present status was 
learned (112 in number) 96 per cent, or all but four, who had pulmonary 
tuberculosis, died of this disease soon after being admitted to the hospital. 
One of the four survivors has been alive for four years, two for two years, 
and one for one year. These were 6 months of age or over when their | 
disease was diagnosed. All, 20 in number, who had contracted the dis- 
ease prior to the age of 6 months, died shortly after admission to the 
hospital. Among those who had the more chronic forms of bone and 
joint and cervical lymph-node tuberculosis, only one was less than 6 
months of age when the disease was diagnosed. Of these babies 68 per 
cent are alive, and only 8, or 32 per cent, are dead, of whom 5 died of 
tuberculosis. 

Second, among the infants with tuberculous infection and tracheo- 
bronchial adenitis, 14 were infected before the age of six months. 
Seventy-nine per cent are still living, and of the 13, or z1 per cent, who 
are dead, only 4 died of tuberculosis. 

Third, among those ill with various ailments, and also with positive 
skin reactions but no demonstrable tuberculous pathological changes, 
79 received their infection prior to six months of age. Sixty-one percent 
are still living, and of the 80, or 39 per cent, dead, only 3 died of 
tuberculosis. 

If the infants included in this study are a representative group, our 
former ideas concerning their resistance to infection must be modified, 
as a study of the tables shows that among those (including all groups) 
infected under 3 months of age, 41 per cent are still living; among those 
from 3 to 6 months of age, 41 per cent; among those from 6 to 12 months 
of age, 46 per cent; and among those from 12 to 24 months of age, 56 
per cent are all living: 42 per cent for five years, 37 per cent for four 
years, 33 per cent for three years, 44 per cent for two years, and 71 per 
cent for one year. 
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The extremely poor resistance possessed by infants to tuberculous 
disease, but, on the other hand, the great fight they can wage against 
infection, is well demonstrated by a comparison of those with disease 
(advanced and chronic) with those who had infection but no:manifest 
disease. Among the former, 82 per cent died from tuberculosis and 2 
per cent from intercurrent illness, while only 16 per cent are living. 
Among the latter, death has claimed only 3 per cent by tuberculosis and 


TABLE 6 
Present status of 405 infected infants* according to age 


TOTAL ALL 
AGES 


TYPES OF CASES AND PRESENT STATUS 


Advanced tuberculosist 


“Chronic” tuberculosist 


Tuberculous infection (with { ivi 0.0 : 76.9 


tracheobronchial adenitis) 100.0 | 


Tuberculous infection (no de- 


termined tuberculous ivi 46.7 i : 80 .6}127 
53:3 19.4! 80 


41.0 41.0 56 48.0 
59.0 59.0 . 44 0/209) 52.0 


Grand total 100 .0 100.0 100 .0/405| 100.0 


* Exclusive of 55 untraced. 
¢ Includes cases of pulmonary and miliary tuberculosis and tuberculous meningitis. 


t Includes cases of bone and joint and cervical lymph-node tuberculosis. 


32 per cent by intercurrent illness, and 65 per cent are still living, after 
intervals of from one to five years. 

Wahlquist and Myers (11), in a study of 71 infected children under 
2 years of age, also found that after an interval of about two years only 
a small proportion had become ill with tuberculous disease. 

Among the entire group of 4055 cases, 209, or 51.7 per cent, are dead 


§ Exclusive of 55 untraced. 


0-3 3-6 6-12 12-24 | 

MONTHS MONTHS MONTHS MONTHS | 
3 o 3 o 5 
Living | 0] 0.0} 0| 0.0! 2) 4.0] 2| 4.5] 4| 3.6 
Dead | 3/100.0! 17/100.0] 47| 96.0| 41] 95.5/108] 96.4 
| Living | 0] 0.0] 1/100.0) 6] 67.0) 10} 67.0} 17] 68.0 
Dead | of 0.01 3] 33.0] 5] 33.01 32.0 
48] 78.7 
13| 21.3 
| 
61.4 
Living 
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and 196, or 48 per cent, alive. Of the 209 who are dead, tuberculosis 
was the cause of death in 57, bronchopneumonia in 14, and marasmus in 
5 per cent of cases. The remaining 24 per cent died of various inter- 
current diseases common to infants, such as ileocolitis, infectious disease, 
etc. The diagnosis of tuberculosis in these cases was unquestioned, as 
all were confirmed by autopsy, tubercle bacilli in the spinal fluid or 


TABLE 7 
Present status of 405 infected infants* according to length of time infected, 1920-1926 


4 YEARS 3 YEARS 
AGO AGO TOTAL 


TYPES OF CASES AND PRESENT STATUS 


Per cent 


Advanced _ tuber- 
culosisf 


v=) 
& 


“Chronic” tuber- 
culosisf 


wn 


Tuberculous infec- 
tion (with tra- 
cheobronchial 
adenitis) 


Tuberculous infec- 
tion (no deter- avi ‘ 43.5 50.0 
mined tubercu- 56.5 50.0 


lous changes) 


42.0 37.1 33.3 
58.0 62.9 66.7 


Grand total 100.0 100.0 100.0 ; 100.0 


* Exclusive of 55 untraced. 
t Includes cases of pulmonary and miliary tuberculosis and tuberculous meningitis. 
t Includes cases of bone and joint and cervical lymph-node tuberculosis. 


sputum, or X-ray examination of the chest. Very few of the cases 
diagnosed as bronchopneumonia or marasmus came to autopsy, this 
diagnosis being made on symptoms and physical signs alone. Had a 
larger number been examined postmortem, it is reasonable to believe that 
the number of cases of tuberculosis would have been larger. (See chart 3.) 


5 YEARS 
AGO 

Living 0} 0.0 0} 0.0) 2} 8.3) 5.0) 4| 3.6 
Dead 18}100.0} 22 27\100 .0| 22} 91.7) 19) 96.4 
Living 4) 50.0} 3 5) 71.4) 3} 75.0} 2/100.0) 17} 68.0 
Dead 4) 50.0} 1 2| 28.6} 1] 25.0; O} 0.0} 8! 32.0 

f 

Living 1} 50.0} 1} 50.0) 7| 70.0) 11) 73.3] 28) 87.5) 48] 78.7 
Dead 1} 50.0} 1} 50.0} 3) 30.0} 4] 26.7) 4] 12.5) 13) 21.3 

7| 77.8) 61.3 

2) 22.2] 12] 17.7| 80] 38.7 

Total Living | 21 44.2) 87) 71.3|196} 48.3 
29 = 29) 55.8] 28.7|209) 51.7 
405/100 .0 
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EXPOSURE TO TUBERCULOSIS 


As a family history of tuberculosis appeared rather infrequently on the 
hospital records of the 460 infected infants, it was decided that the 
visitor following them up, in order to learn their present condition, 
should also ascertain, if possible, the source of human infection to which 
they might have been exposed. 


TABLE 8 
Present status of 149 infants exposed to tuberculosis* 


EXPOSURE | EXPOSURE 
TOOTHER |TOLODGERS 
RELATIVES AND 

AT HOME | NEIGHBORS 
TYPES OF CASES 


Per cent 


Advanced _ tuber- 
culosist 


i. | Number 


Tuberculous infec- 
tion (with tra- 
cheobronchial 
adenitis) 


Tuberculous infec- 
tion (no deter- 
mined tubercu- 
lous changes) 


1 3 
1 5 83 
8 


Grand total. 2 149 


* Family exposure found among 154, but present condition of 5 infants not ascertained. 
{ Includes cases of pulmonary and miliary tuberculosis and tuberculous meningitis. 
t Includes cases of bone and joint, and cervical lymph-node tuberculosis. 


In an investigation of 135 cases of tuberculous meningitis among 
children, conducted by the New York Tuberculosis and Health Associa- 
tion (12) a few years ago, the hospital records examined showed a history 
of exposure in only 19 per cent of cases, whereas a personal follow-up of 
these same cases revealed that 56 per cent had actually been in contact 
with the disease. 
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TOTAL 
EXPOSURE 
Living | 0| 0} O| 5] 7 o} 3 
Dead | 1] 100 | 19] 100 | 20] 95 | 14] 93 100 | 58] 97 
“Chronic” tuber- {| Living | 0| 0| 3] 60] 0| 0] 3] 100 6 67 
| culosisf.........|| Dead | 2! 40] OF O 100} 3] 33 
4 Living | 0} 16] 77] 5| 83] 0} Of 2! 100} 23) 68 
Dead | 0} 5| 23] 1] 17] 5/100] 11] 32 
Living | 1] 100] 24; 75] 4| 80] 71] 1) 100 | 35] 76 
Dead | 0} 8 25] 1} 20] 29] O| Of 11] 24 
| Living 44 
Dead 56 
100 
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Richdorf and Hetzler (13), in a recent study of clinic records, found 
considerable variation in the histories taken by different physicians, due, 
they thought, to a lack of understanding by the patient or guardian of 
the meaning or importance of questions asked, and, in some cases, caused 
by a hazy conception, on the part of the doctor taking the history, of 
what constituted positive exposure. As a result of their study they 
emphasized the following points: that ‘‘Exposure is contact with the 
tubercle bacillus from any source, and the history of exposure should 
determine the following: (1) the confirmation of the diagnosis of the 
disease in the contact; (2) the possibility of the excretion of tubercle 
bacilli from the contact; and (3) the type and the length of the exposure.” 

Considerable time, varying from several months to four years had 
elapsed since the young patients in our study had been under treatment. 
It was not possible, therefore, to learn the extent or intimacy of contact 
which had existed between the infants in question and the persons having 
the disease, or to know whether or not these individuals were excreting 
tubercle bacilli at the time of the infant’s exposure. However, some 
interesting facts were brought out by the follow-up study. 

The families of 341 infants were located. No history of contact could 
be traced in 187, or 55 per cent, but definite knowledge was obtained 
among 154, or 45 per cent, of the existence of one or more cases of tuber- 
culosis in the immediate family, or among lodgers, visiting friends or 
near neighbors. 

That the majority investigated for exposure were actively and pro- 
gressively ill with the disease was indicated by statements obtained from 
apparently reliable members of the family, which showed that about 75 
per cent of them either died of tuberculosis, or else were removed to 
hospitals for care, a few weeks before or after the discovery of illness or 
infection of the exposed infants. In a large number of cases the informa- 
tion obtained concerning the hospitalization and death of these tubercu- 
lous individuals was verified by hospital records and by municipal 
certificates of death. 

Of the entire group of 149 exposed infants® we find that 66, or 44 per 
cent are alive, and 83, or 56 per cent, are dead,—not all from tuberculosis, 
however, as a few died of bronchopneumonia or marasmus. 

Comparison of Contact and Noncontact Cases: If we contrast the fate 
of the 149 infants who were exposed to tuberculosis with the 187 for whom 


* Although family exposure was found among 154, there were 5 infants whose present 
condition could not be ascertained. 
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no contact could be traced, we find that 46 per cent of those who had 
been exposed had manifest tuberculous disease, either in acute or chronic 
form, 54 per cent showed tuberculous infection but no clinical evidence 
of disease, and 84 per cent of those who succumbed in this group died 
from tuberculosis; whereas, among those in whom no history of contact 
was obtained, only 18 per cent were ill with tuberculous disease, 82 per 
cent were infected but had no clinical manifestations, and only 33 per 


TABLE 9 
Present status of infants exposed and of those not exposed to tuberculosis 


LIVING 


Number | Percent Per cent 


Infants exposed to tuberculosis..} 149* 45 66 pes 56 
Infants not exposed to tubercu- 
i 187 55 121 65 35 


336 100 56 44 


* Exclusive of five whose whereabouts are not known. 


TABLE 10 
Cause of death of infants exposed and of those not exposed to tuberculosis 


KNOWN TO BE DEAD OF DEAD OF OTHER 


DEAD TUBERCULOSIS CAUSES 


Number | Percent | Number | Percent | Number | Percent 


Infants exposed to tuberculosis..| 83 56 70 84 13 16 
Infants not exposed to tubercu- 
i 66 44 22 33 44 67 


149 100 92 62 57 38 


cent of those who died, among the unexposed infants, died from 
tuberculosis. (Tables 9 and 10.) 

Making due allowance for the fact that although in er of those 
in whom no contact could be traced, especially among those who were 
manifestly ill, there probably had been exposure to some member of the 
family or to friends who were unwilling to acknowledge the disease, or 
who were ignorant of its presence, the above figures have a certain signifi- 
cance: first, that the mortality from tuberculosis is exceedingly high 


DEAD 
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among infants exposed to active cases in the family; and second, that 
infants who have no family exposure to tuberculosis, but who receive 
their infection in a more casual or incidental way from outside sources, 
develop a surprising amount of resistance. 

Relationship of Exposure to Infection: A study of the exposed infants, 
from the point of view of relationship of individuals with pulmonary 
tuberculosis to the infected infants, gave the following results: 

In 2 cases infants were exposed to both mothers and fathers who were 
tuberculous; 1, or 50 per cent, of these died of tuberculosis. Of those 
exposed to tuberculous mothers, 27, or 35 per cent; to tuberculous fathers, 
20 or 62 per cent; to other tuberculous members of the family, 17, or 56 
per cent; and to tuberculous lodgers and visiting friends, 5, or 62 per cent, 
died of tuberculosis. From these figures it would seem that the degree 
of relationship between the infant and the tuberculous individual is of 
less importance in the transmission of the disease than are certain other 
factors, and that, as previously indicated, in trying to locate the source 
of infection the important facts to know are whether or not tubercle 
bacilli are in the sputum of the infected person and the extent of intimacy 
that exists between this individual and the infant in question. 

It was a matter of some surprise to note that the deaths among those 
exposed to fathers, brothers, sisters and other relatives were considerably 
higher than were those who were in contact with tuberculous mothers. 
But a more exact knowledge of the individual cases shows that this is 
only an apparent discrepancy, as a further study of the records indicates 
that 37 of the 77 infants whose mothers were tuberculous were either 
removed from their homes and placed out at board, or else their mothers 
were removed by death either a few days or weeks after the birth of these 
infants, thus breaking their contact with the disease. Of the 40 who 
remained at home in contact with their diseased mothers, 26, or 65 per 
cent, died of tuberculosis; while, of the 37 who were boarded out, only 
1, or 2 per cent, although already infected, died of the disease. (See 
table 8.) 

In a group of 100 infected infants Lemaire (14) reported that 82 per 
cent had been infected by other members of the family. Among 67 
who were separated from their parents there were only 3 deaths (4.5 per 
cent), while among 33 not separated 21, or 63.6 per cent, died. 

In this connection also Bernard and Debré (15) reported interesting 
results of experiments tried on three groups of infants in which 265, 
whose parents were tuberculous, were removed from their homes before 
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infection had occurred. Physically and mentally these infants de- 
veloped just as other normal infants did, showing no unusual suscepti- 
bility to chance tuberculous infection. After three years of observation 
only 5.7 per cent of the group had died, which is no more than the ex- 
pected mortality rate among infants. 

One hundred and seventy-one, who gave evidence of having been 
infected by their tuberculous parents, were also removed from their 
homes. These were carefully observed prior to removal, and only those 
were selected for whom a favorable course was predicted, as indicated by 
the brevity of contact, age of child, etc. ‘The mortality rate of this 
infected group was surprisingly low,—only 7.6 per cent. The third group 
was composed of infants who were too ill to be selected for boarding-out 
care, or whose parents refused to allow them to be removed from their 
homes. The mortality rate among these infants was 82 per cent. 

A few years ago the New York Tuberculosis and Health Association 
undertook to board out noninfected infants, under one year of age, of 
actively tuberculous mothers who had positive sputum. In the course 
of one year 23 infants were referred for boarding-out care. Only 9 of the 
23, whose skin reactions were negative, were accepted. At the end of 
one year the nine were well and in excellent condition. Of the 14 who 
had already contracted the disease, or who showed positive skin reactions, 
and were consequently not placed in foster homes, 12 died before the end 
of the year. The two who survived had been removed from their homes 
and placed in institutions for three or four months, while their mothers 
received hospital care. Thus, of 23 infants under one year of age, 52 
per cent died within the year. Of the 14 who were already ill or infected 
at the time the disease was discovered in their mothers, 12, or 86 per cent, 
died within this time. Of the 9 who were removed before infection 
occurred, 100 per cent were alive at the end of the year. These figures, 
although of a small group, correspond closely to those of Lemaire, and of 
Bernard and Debré, and show how important it is to remove the child 
from this most dangerous contact. 

Relation of Age of Infant to Exposure: The infants who were exposed 
to tuberculous mothers developed the disease or became infected at an 
earlier age than did those who were exposed to fathers and other rela- 
tives, We also find that the younger the age at which exposure occurred 
the higher the death-rate from tuberculosis. For example, among the 
infants who were exposed under twelve months of age 50 per cent died of 


R 
Eiki 
i 
- 


TUBERCULOSIS IN INFANTS 377 


the disease, whereas among those who had their exposure between one 
and two years only 26 per cent died of tuberculosis. 


SUMMARY 


1. Among 4,003 infants under two years of age in two hospitals and 
clinics in New York City, the incidence of tuberculous infection was 11.4 
per cent. Several among these had advanced tuberculosis. 

Among 1,656 infants of the same age, in attendance at Baby Health 
Stations where the majority were in good health, and in clinics, among 
whom none had manifest tuberculosis, the incidence of infection was 
only 3 per cent. 

Thus, in order to ascertain the real incidence of infection among the 
general infant population in a community, a cross-section of that popula- 
tion, to include infants of predominating races and nationalities and of 
all social strata, as well as those who are in good health, should be studied. 

2. The results of this study indicate that the infant’s resistance to 
tuberculous infection is better than it was formerly believed to be; on 
the other hand, the infant’s lack of resistance to tuberculous disease 
appears to be relatively low,—a fact long recognized. 

3. Infants subjected to continuous exposure in the home have only a 
slight chance of escaping disease and death from tuberculosis. 

Infants who receive their infection in a more casual and less contin- 
uous way show marked resistance to tuberculous infection. _ 

4, Such unnecessary waste of infant life, as is shown in, the deaths of 
the 120 infants in this study who died of tuberculosis, the majority 
because they were continuously exposed to the disease, must make us 
pause, to consider whether or not we are facing and assuming a responsi- 
bility which rests upon us to protect the most susceptible of human beings 
from this preventable disease. 

5. To advocate the removal of infants or young children from their 
home environment is contrary to all human sentiment and desire. The 
appeal should rather be made for the removal of the member of the family 
whose presence is a serious menace to the life of the baby in its midst. 

6. There are, however, occasions when a mother with tuberculosis 
would consent to hospitalization, but on one condition only, and that is 
upon the assurance that her baby would receive, in some measure, the 
affectionate and solicitous care that she herself would give. When such 
a service for temporary care has been developed in all communities, 
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whether it be an “‘infantorium”’ or ‘‘boarding-out care” matters not, so 
it be well done, many more mothers with young children will seek their 
“cure” by way of the sanatorium or hospital, instead of remaining at 
home to spread infection, and perhaps die for lack of proper treatment; 
and the deaths from tuberculous meningitis and pulmonary and miliary 
tuberculosis among infants will appreciably decrease. 
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TUBERCULOSIS MORTALITY AMONG CHILDREN IN 
MINNESOTA 


RUTH E. BOYNTON! 


I. A REVIEW OF THE LITERATURE 


Incidence of Tuberculous Infection in Children 


Many conflicting statements are to be found concerning the incidence 
of tuberculous infection in children. The most extreme opinion, and one 
which has been widely quoted, is that of Hamburger and Monti (1), that 
90 per cent or more of all children are infected with the tubercle bacillus 
by their fourteenth year. These investigators made tuberculin tests on 
532 children convalescing from diphtheria and scarlet fever in the wards 
of a public hospital in Vienna. Pirquet (2) obtained slightly lower 
figures among the same class of children in Vienna. The figures of 
Pirquet and Hamburger were based upon tests made on children of the 
poorer classes in a city where tuberculosis is very prevalent. ‘These two 
studies, published in 1909, were the first to be reported. 

Veeder and Johnston (3) in 1915 made a study of tuberculin reactions 
in 1,321 hospital children in St. Louis. They state that “the percentage 
of positive reactions reaches a maximum of 44 per cent at the age period 
of 10 to 14 years, including cases with clinical tuberculosis. If children 
with clinical tuberculosis are excluded, the percentage giving positive 
reactions at the 10 to 14 age period is only 36.” In 1918 Still (4) found 
that 9.2 per cent of a group of 658 children from the East Side in New 
York showed positive Pirquet reactions. This is a lower percentage, 
with a single exception, than has been found in any other study that has 
been made. However, the low percentage found by Still may be par- 
tially explained by the fact that no child in the group of 658 had a history 
of tuberculosis in the family. In 1919 Spolverini (5) found that only 7 
per cent of a group of 900 children under 1 year of age had positive 
Pirquet tests. These children were not suspected of being infected with 
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tuberculosis. In 1919 also, Arnfinsen (6) reported that between 33 
and 38 per cent of the 8,000 school children in the city of Tronhjem 
were infected with tuberculosis. A group of 460 children between 1 and 7 
years of age in Framingham, Massachusetts, reported by Armstrong (7), 
showed that 33 per cent of those between 6 and 7 years of age reacted 
positively. In 1921 Dunn and Cohen (8) summarized the results of 661 
consecutive autopsies on children under 2 years of age. They found 
that 138, or 20 per cent, showed tuberculous lesions. In the same year 
in Holland, Fiirstner-Risselada (9) reported positive reactions in 20 per 
cent of a group between 6 and 7 years of age and in 50 per cent of children 
13 years old. Briining (10) reported in 1921 that out of a group of 350 
children from the upper classes, between 1 and 14 years of age, 26 per 
cent had positive cutaneous reactions. Sander (11) in the same year 
published a study of 869 children in Dortmund, in which infection had 
occurred in 6 per cent at 2 years of age and in 50 per cent at 14 years. 
McLean and Jeidell (12) in 1922 found 15.3 per cent of 3,742 cases in 
the Babies Hospital in New York with positive reactions. In the 2,000 
children in this group under 1 year of age, 7 per cent reacted positively. 
Krause (13) states that the average of reported studies indicates that 
about 10 per cent of the general run of dispensary infants under 1 to 2 
years of age react positively. In Saskatchewan Ferguson (14) found in 
1922 that 56 per cent of a group of 1,346 school children between 6 and 
14 years of age showed positive reactions. In 1924 Hahlo (15) re- 
ported that 11 per cent of infant cadavers show signs of tuberculosis 
according to the records of seven German clinics. 

Studies have also been made on groups of children with known expo- 
sure to tuberculosis, among whom the percentage of positive reactions 
is much higher than in unselected groups. In a group of nurslings, 
who were associated with tuberculous patients, R6pke (16) found in 
1923 that 67.5 per cent were infected, and that 84 per cent were infected 
in a group of 2-year-old children with definite exposure. Barchetti (17) 
in 1921 studied 51 infants whose mothers had active tuberculosis; before 
4 years of age, 73 per cent of them had become infected. Wahl and 
Gerstenberger (18) in this country, in 1923, found that in children be- 
tween 6 weeks and 4 years of age 44 per cent with a positive history of 
exposure gave positive tuberculin reactions, while only 15 per cent of 
those with negative histories reacted positively. 

Of special interest in connection with this study are certain reports of 
the incidence of infection in Minnesota. In 1924 Slater (19) reported 
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on tuberculin tests made on 1,654 rural school children in Southwestern 
Minnesota; of the entire group 10 per cent gave positive tuberculin re- 
actions; of 563 cases with no history of exposure only 5 per cent reacted 
positively, while in 67 cases with known history of exposure 80 per cent 
reacted positively. Myers and Magiera (20) in 1925 reported on tuber- 
culin tests on 2,000 children who were examined for tuberculosis at the 
out-patient department of the Lymanhurst School for Tuberculous 
Children in Minneapolis. This group showed 41.7 per cent with positive 
Pirquet reactions. Although the incidence of infection in this group 
increased somewhat as the age advanced, it was not as regular and to the 
same extent as many authors have found; 435 children of the group of 
761 with a definite history of exposure showed positive reactions. 

Harms and Seitz (21) in 1926 reported that nearly 60 per cent of 129 
infants and children exposed to tuberculosis were found to be infected, 
and that infection occurred in the first year of life in 87 per cent. 

The literature on the incidence of tuberculous infection in children 
shows considerable variations in the percentages reported. These varia- 
tions are due to the presence of certain decisive factors. The studies 
based on groups with known exposure to tuberculosis show a high per- 
centage, while those groups having no history of exposure yield a rela- 
tively low percentage of infection. The percentage of infection rises as 
the age-levels of the groups studied increases. The social and economic 
status of the groups reported and the amount of tuberculosis in the com- 
munity from which the data are gathered also influence the findings. 
Thus, among the more important factors, which cause fluctuations in 
percentages of infection, are the presence or absence of a history of ex- 
posure, the age-level, the economic status of the group, and the amount 
of tuberculosis in the community. 

Studies reported in the past few years, when compared with the earlier 
studies, rather consistently show a lower incidence of infection than 
formerly. Whether there is an actual decrease in the amount of infection 
or only an apparent decrease, influenced by some of the factors already 
mentioned, is difficult to determine. Krause (22), writing in 1926 says, 


T am inclined to believe that children with tuberculous infection are becoming 
fewer. . . . . Until lately I was always inclined to look with some suspicion 
on reports of the incidence of childhood infection (as determined by skin tests) 
which made this unusually low according to our standard ideas formed largely 
between 1910 and 1915. Today there is just about one-half the general 
mortality from tuberculosis that there was then; and I am beginning to 
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wonder whether these later records are not revealing to us what we are too 
blind to see, that is, that the number of infected children is growing smaller. 


The Prognosis of Tuberculosis in Children 


The significance of a positive cutaneous tuberculin reaction in children 
has been the subject of discussion. Although I have been unable to 
find the authority for the statement, and the idea is certainly prevalent 
among many physicians, it has frequently been said, that in babies 
under 1 year of age who show a positive Pirquet test the mortality 
is practically 100 per cent. Studies which have been reported do not con- 
firm this assumption. Brown (23) in 1913 reported a mortality of 70 per 
cent among 114 children under 2 years of age showing positive skin reac- 
tions. In 1917 Hemplemann (24) reported on the mortality in 130 infants 
under 2 years of age who had pulmonary tuberculosis. He found that 
during the first year of life there was a mortality of 78.7 per cent, and 
between 1 and 2 years a mortality of 57.4 percent. At that time (1917), 
to quote Hemplemann, “Actual studies of the fate of children infected 
with tuberculosis in infancy are extremely few.” Dunn and Cohen (8) 
in 1921 recorded the mortality from tuberculosis in children under 2 
years in the hospital as 53 per cent. However, they called attention to 
the fact that infants who seek hospital treatment are apt to show the 
more serious forms of the disease. They concluded that the prognosis 
of infantile tuberculosis is best when the patient shows evidence that the 
disease has not advanced beyond the primary stage (primary lesion and 
associated lymph-node involvement), but even then it is still not good, 
owing to the tendency of the infant to develop fatal forms of the secon- 
dary stage. Oswald (25) in 1922 reported a mortality of 59.14 per cent 
in children; while van Dam Stokkink (26) in Holland (1924) related that 
87 per cent of the 144 tuberculous infants in the Emma Hospital died 
within the first year of life. Davis (27) in this country (1924) found a 
mortality of 44 per cent in 45 children with positive skin reactions. The 
cases were all under 2 years of age when a diagnosis of infection was made, 
and were observed for from 6 months to 3 years. In the group under 1 
year of age when diagnosed, the mortality was 70 per cent. In those 
between 1 and 2 years the mortality was 24 per cent. 

Another study made the same year (1924) was one by Reuben and 
Smith (28). Out of 64 infants infected under 1 year of age the mortality 
was 68 per cent. The authors bring out the point that opinion at the 


- time held that the prognosis of tuberculosis in infancy is not as grave as 


formerly thought. 
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Semaire (29) in 1925 observed 100 tuberculous children under 2} 
years of age for a period of from 3 months to 2 years. Of the entire 
group the mortality was 24 per cent, while for those infected under 1 
year of age it was 57 per cent. Semaire noted that family contagion 
existed among 95 per cent of those who died, and among 77 per cent of 
those who survived. Harms and Seitz (21) found a mortality of 12.4 
per cent in 129 infants and children who had been exposed to tubercu- 
losis; among those children infected during infancy the mortality was 
23.9 per cent. For 114 cases of tuberculosis in infants Lozano (30) re- 
ported a death-rate of 12 per cent; 64 of his cases were under 1 year of 
age, and in this group the death-rate was 26.5 per cent. Wahlquist and 
Myers (31) followed the cases of 71 children, who were under 2 years of 
age and showed positive skin reactions, and 95.7 per cent of whom had 
a definite history of exposure to tuberculosis. In this group only 6 
cases, or 8.4 per cent, died from tuberculosis. This is a surprisingly 
low mortality. That there has been a decided change of opinion about 
the prognosis in tuberculosis of infants and young children is shown 
clearly in the studies which have been quoted. Schlutz (32) writing in 
1926 says, ‘The prognosis of tuberculosis in the infant under 1 year is 
to-day not quite so pessimistic as it formerly was. It is still extremely 
grave under 6 months, but even for this age the mortality figures are 
decidedly lower than the ones formerly reported.”’ Krause (13) also has 
expressed a similar opinion. He says, “The more I see of tuberculosis 
in infants and the more I confirm diagnosis by the aid of new methods, 
the more tuberculous infants I find who run along with comparatively 
little illness and withstand their infection well.” 

What the relationship is between childhood and adult tuberculosis is 
not definitely known. Although there have been many conflicting 
opinions advanced as to this relationship, up to the present time no 
scientific study, made to support any of the theories, can be said to have 
settled the problem. 


The Trend of Mortality from Tuberculosis in Children 


Few investigations have been reported showing the trend of the tuber- 
culosis death-rate in children of different ages and from different types 
of the disease. In 1923 Emerson (33) made a study of the decline in the 
number of deaths from pulmonary tuberculosis in Boston from 1898 to 
1921. He found that, “The percentage tendency to decline in the 
number of deaths from tuberculosis of the lungs in the age period from 
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birth to 10 years is greater than in any other 10 year period.” Winslow 
and Gray (34) published in 1924 a study of the relation of the pasteuri- 
zation of municipal milk supplies to tuberculosis mortality. Twenty- 
two cities were selected, and divided into four groups according to the 
percentage of the municipal milk supply that was pasteurized. Group 
I comprised those cities having less than 50 per cent of the milk supply 
pasteurized in 1920; Group II, those cities in which 90 per cent of the 
milk supply was pasteurized soon after 1920; Group III, those in which 
90 per cent of the milk supply was pasteurized between 1915 and 1920; 
and Group IV, the cities having 90 per cent of the milk supply pasteur- 
ized before 1915. A comparison of the tuberculosis death rates for the 
years 1904 to 1908 with those for the periods 1916 to 1920 was then made. 
The authors’ conclusions were: 


1. Pulmonary tuberculosis under 1 year, 1 to 4 years, and 20 to 29 years 
showed a uniform decrease of about 30 per cent in all cities studied. 

2. Nonpulmonary tuberculosis under 1 year showed a decrease of about 38 
per cent, but was no greater in pasteurizing than nonpasteurizing cities. 

3. Bovine infection is of negligible importance among infants in large cities 
where infant welfare work is carried on. 

4. Between the ages of 1 to 4 years nonpulmonary tuberculosis increased 13 
per cent in the group I cities, and decreased 34 per cent in the group IV cities. 


This study gives evidence that the pasteurization of milk supplies does 
tend to decrease the death-rate from nonpulmonary tuberculosis be- 
tween 1 and 4 years of age, but it apparently has no effect on the mor- 
tality in children under 1 year. 

The only detailed study of tuberculosis mortality in children under 15 
years of age which has been made in this country is one made by Drolet 
(35) in 1925. Drolet reviews the mortality from tuberculosis in New 
York City in children under 15 from 1898 to 1923. Since Drolet’s 
findings will be used for comparative purposes in reporting the results of 
this study, no further comment is made here on his investiagtion. 


Il. THE PROBLEM 


Introduction to the Problem 


In teaching the practice of preventive medicine to either professional, medical 
and nursing groups, or to the laity, decision as to relative values of procedures 
used or suggested is based ultimately upon one of three desirable end results, 
the postponement of death, the reduction of the incidence of preventable 


x 
- 
] 


TUBERCULOSIS MORTALITY AMONG CHILDREN 385 


diseases, or the development and maintenance of amore vigorous health. . . . 
When reduction or increase in the mortality rate for a particular disease is 
reported, it becomes of even greater importance that the population be divided 
into age groups and the deaths be distributed according to the same groups to 
permit of anything like a reasonable conclusion as to why, and in what portion 
of the public family, the improvement or disadvantage has developed (36). 


As Emerson has pointed out, one way to determine the effectiveness of 
public-health measures is to make a study of death-rates over a period 
of years by age-groups. Such a survey may also bring to our attention 
certain existing conditions of which we had been unaware. The purpose: 
of this study is to assemble data on deaths from tuberculosis occurring 
among children of the various age-levels in the State of Minnesota for 
the period 1915 to 1926. Such a study has not been made for any 
State, although a similar study was made for New York City by Drolet 
(35). His study covers a twenty-five-year period, includes only city 
deaths, and classifies the data for two age-groups; namely, under 15 years 
and under 1 year. 


Source of the Data and the Method 


The data presented in this paper were obtained from the tuberculosis 
mortality cards which are kept by the Division of Preventable Diseases 
of the Minnesota Department of Health. These mortality records are 
copies from the original death certificates filed with the Division of 
Vital Statistics of the State Department of Health. 

All deaths from tuberculosis occurring in children under 15 years of 
age for the twelve-year period, 1915 to 1926, were tabulated.2 The 
deaths for each of these years were divided by sexes into the following 
age-groups: 

Under 1 year 4to 5 years 
1 to 2 years 5 to 10 years 


2 to 3 years 10 to 15 years 
3 to 4 years 


The deaths for each age-group were further classified according to the 
following types of the disease: 
Tuberculous meningitis Lymph-node tuberculosis 


Pulmonary tuberculosis Bone and joint tuberculosis 
Miliary tuberculosis All other forms 


? Prior to 1915 records classifying deaths from tuberculosis were not available. There- 
fore this study begins with 1915. 
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It seemed desirable to compute the death-rates in each age group per 
100,000 children. ‘The basic population figures necessary for these com- 
putations made necessary an estimate of the population at each age, for 
each year, and for each sex. 

The total population for Minnesota for each year was estimated by 
taking the difference between the 1920 census and the 1910 census and 
assuming that the increase had been distributed equally throughout the 
ten-year period. The actual population for each age-group was obtained 
for 1910 and 1920 from the census reports. ‘The percentage of the total 
population which each age-group comprised during these years was 
determined. It was then assumed that the relative proportion of each 
age to the total remained constant during the following years. To 
clarify this description of the method employed a portion of the popula- 
tion table is shown here in the following table: 


1910 1920 


Per cent of Per cent of 
total total 


Total population: 
1,108,511 F 1,245,537 


967,197 1,141,588 


23,250 24,874 
22,861 24,217 


In 1910 the United States Census showed that the male population in 
Minnesota under 1 year was 23,250, or 2 per cent of the total male 
population. 

Thus, for the years 1915 to 1919 it was assumed that the male popula- 
tion under 1 year was 2 per cent of the total male population for that 
period and that the female population under 1 year was 2.3 per cent of 
the total female population. To estimate for the years following 1920 
the percentages occurring in the United States Census for 1920 were 
used in the same manner. 


Mortality from All Forms of Tuberculosis 


Tables I, IZA, and ITB present the mortality from all forms of tuber- 


culosis for the various groups. 
Table I shows the number of deaths and the death-rates from all forms 
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of tuberculosis by age-groups for each year in the twelve-year period, 
1915-1926. Out of a total of 2,357 deaths in children under 15 years, 
566, or 24 per cent, occurred in childen under 1 year of age. In 1915, 
32 per cent of the deaths in children under 15 years occurred in the group 
under 1 year, while in 1926 only 17 per cent occurred under 1 year, a 
reduction of almost 50 per cent. 

That the mortality from tuberculosis is highest in the youngest age- 
group is clearly shown in this table by the average yearly rate. From a 


TABLE I 


Mortality from all forms of tuberculosis in children under 15 years of age in Minnesota, 1915- 
1926, by age-groups* 


=) 
1915 18.2 6 24.1} 64/27. 
1916 275/38 68/140.4} 22/48 33/65.5] 12/23.7| 11/22.0) 48/20.0} 81|34.7 
1917 255/35 73/148.7| 21/45.4) 23/45.3) 36/50.8) 9)17.8) 66|27.9 
1918 269136 57/1138] 30/63 28/54.1) 13/24.9} 17/33.0} 52/21.0} 72/29.8 
1919 173/23 .1] 35] 69.3] 22/46.2] 17/32.5) 14/26.5) 13/25.0) 31]12.4) 41/16.8 
1920 210/28 40} 81.4) 28/52.5) 15)28.5) 15/27.8} 40)16.1} 64/27.3 
1921 159/21 29) 58.2} 25/46.1] 9/16.8) 12/21.8) 2] 3.7] 4619.3 
1922 133]17 .3] 36] 71.4] 20/36.4) 9/16.6) 6/10.7/ 6)11.0) 25) 9.7] 31/12.9 
1923 190|24 .5} 46) 90.1) 34/61.2) 14)25.5) 13/23.0) 13/23.6) 28]10.7) 42/17.3 
1924 141]18.0) 31] 59.9) 25/44.4) 10)18.0} 12/21.0) 3) 5.4) 25) 9.5) 35)14.3 
1925 132]16.6] 38) 72.5} 7|12.1] 26) 42/17.0 
1926 1 48 
Total deaths and 
average yearly 
26.3 


* Rates per 100,000 children in each age-group. 


rate of 94.7 under 1 year of age, there is a steady decline until the 10 to 
15-year group is reached. Here the rate rises slightly, due to an increase 
in pulmonary tuberculosis as will be shown later. 

It is of interest to compare the rate of 36.7 from all forms of tubercu- 
losis in children under 15 years in Minnesota for 1915 with that in New 
York City in 1915. Drolet (35) reports a death-rate of 81 for the same 
year and the same ages. In 1923 Minnesota’s rate was 24.4, compared 
to 33 in New York City. 


TOTAL UNDER 1-2 2-3 3-4 4-5 5-10 10-15 
1 YEAR YEARS YEARS YEARS YEARS YEARS YEARS 
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Table ITA gives the deaths and IIB the death-rates from all forms of 
tuberculosis by age-groups and sex. From the actual number of deaths 
it would appear that more deaths occur among males up to 5 years of 
age, with the exception of the 3 to 4-year group, but that after 5 years 
more deaths occur among females. However, after computing rates 
(table IIB), there is not found any consistently higher rate for any one 
sex until the 10 to 15-year group, when it is higher among girls. Drolet 
(35) found in his study in New York City that under 5 years of age the 
rate is consistently higher among boys. Between 5 and 10 the rate is 


TABLE A 
Deaths from all forms of tuberculosis in children under 15 years of age in Minnesota, 1915-1926, 
by age-groups and sex 


uw 


1-2 
YEARS 


> 
a 


1915 
1916 
1917 
1918 
1919 10 
1920 15 
1921 11 
1922 10 
1923 17 
1924 11 
1925 3 
1926 20 16 


Total.... 315 |251 |143 


Blawcamowac uur | Female 


wn 


co 
i=) 


208 |222 |239 |393 


about the same in both sexes. Between 10 and 15 it is always higher 
among girls. The figures for the United States Registration Area con- 
firm these findings, the rate among females being higher than for males 
between 10 and 30 years of age. After 30 years the rate for males 
exceeds that for females. 

The higher rate among girls between 10 and 15 years of age has been 
attributed to the strain of puberty. Another possible reason may be 
the fact that at this period of life girls are more closely confined to the 
home than boys, making the possibility of infection greater for girls if 
there is infection in the home. 


26 | 31 | 27 | 37 
25 | 23 | 28 | 53 
14 | 23 | 26 | 40 
21 | 31 | 22 | 50 
20 | 11-| 12 | 29 
22 | 18 | 15 | 49 
12 | 24 | 19 | 27 
12 | 13 | 18 | 13 
15 | 13 | 20 | 22 
15 | 10 | 19 | 16 
14 | 12 | 11 | 31 
12 | 13 | 22 | 26 
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The trend of the death-rates during the period studied is shown by 
taking the average rate for three years, dividing the twelve years into 
four periods. The normal fluctuation in death-rates from year to year 
compels taking the average for three or more years to show the trend. 
These periods are shown in table III. The rate given for each of the four 
periods represents the average rate for the three years. With the excep- 
tion of a slight increase between period I and period II in the 4 to 5-year 
age-group, table III shows the steady decrease that has occurred in each 
age-group during the twelve years. 


TABLE 


Death-rates from all forms of tuberculosis in children under 15 years of age in Minnesota, 
1915-1926, in three-year averages by age-groups* 


UNDER 1-2 2-3 5-10 


ae 1 YEAR | YEARS | YEARS YEARS 


Period I, 1915-1917 36 .69]/155.70) 52.36} 43.00 19.78 
Period II, 1918-1920 25.86] 88.16) 54.10} 38.36 16.49 
Period ITI, 1921-1923 20.94) 73.23) 49.70) 19.63 11.55 
Period IV, 1924-1926 18.15] 61.73) 33.86) 17.73 9.48 


* Rates per 100,000 children in each age-group. 


TABLE IV 


A comparison of the death-rates from all forms of tuberculosis period I (1915-1917) and period IV 
(1924-1926) by age-groups 


UNDER 1-2 2-3 5-10 10-15 


TOTAL | 1 year | YEARS YEARS | YEARS 


Period I, 1915-1917...........| 36.69]155.70) 52.36 19.78) 30.09 
Period IV, 1924-1926 | 18.15 61.73) 33.86 9.48] 16.80 
Actual reduction 18.54) 93.97] 18.50 10.30} 13.29 


Per cent of possible reduction 
achieved 50.5 | 60.3 | 35.3 j r .1 | 52.0 | 44.1 


The reduction of rates during any specified period is always relative. 
An actual reduction of 10 points in a death-rate of 90 does not represent 
the same proportion of decline as would a reduction of 10 points if the 
initial death-rate were 30. The assumption is that it is more difficult 
to secure a decline in a death-rate that is already comparatively low than 
it is to make the same decline when the death-rate is high. It would be 
unfair, therefore, to compare the decline in mortality for different ages 
simply by the actual number of points the rate had been reduced. The 
actual reduction in rate in a given period, compared to the initial rate, 


24.65 
16.51 
16.80 
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gives a fairer basis for comparison. This method of computing improve- 
ment is commonly used in the field of research, notably in the field of 
educational research. In this study the rates for period I (1915-1917) 
and period IV (1924-1926) in table III are compared. ‘These three- 
year averages were selected rather than the rates for the first and last 
years of the study, because it was felt that a comparison of the average 
for three years would give a more accurate picture of the trend. 

In table IV the percentage of the possible reduction, which has been 
achieved at each age-group for all forms of tuberculosis, is shown. It 
will be seen that for the total under 15 years there was a reduction of 
50.5 per cent of the possible reduction: that is, in period I (1915-1917) 
the rate was 36.6, while-in period IV (1924-1926) it was 18.1. The 
actual reduction in the death-rate was 18.5. Since the period-I rate 
was 36.6, the greatest reduction possible would be to zero, or by 36.6 
The actual] reduction was by 18.5 points, or 50.5 per cent of the 


points. 


TABLE V 


A comparison of the death-rates from all forms of tuberculosis period I (1915-1917) and 
period IV (1924-1926): all ages 


possible reduction. The two important things shown in table IV are, 
first, the fact that there has been a reduction of 50.5 per cent in the death- 
rate from all forms of tuberculosis in children under 15 years in this 
twelve-year period; and, second, that the highest percentage of reduction 
is that of 60.3 per cent, occurring in the group under 1 year. 

Chart I compares graphically the death-rates from all forms of tuber- 
culosis in Minnesota for all ages, for under 15 years, and for under 1 year. 
Thus chart I is based on data from table I and table A in the Appendix. 
This shows clearly that there has been the greatest decline in mortality 
in the group under 1 year of age, although there has been more fluctua- 
tion in the rate for this group than for the others. In general, the 
mortality for children under 15 years has followed the same downward 
trend seen in all ages. The percentage of possible reduction achieved, 
comparing period I (1915-1917) with period IV (1924-1926), is greater 
for the group under 15 years. It is of interest to compare the decline in 


Per cent of possible reduction achieved guy 36.0 
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death-rate for all ages with the decline in death-rate for children under 
15 years of age. Table V gives such a comparison. 

Table V shows that the percentage of reduction for all ages was 36.0. 
It will be recalled that the reduction for children under 15 years was 50.5 
per cent. 


Types of Tuberculosis 


Five types of tuberculosis most common in children will be studied 
individually. The actual number of deaths occurring at each age-group 
from each of the five types of tuberculosis is displayed in table VI. 
Tuberculous meningitis caused more deaths in the total group under 15 
years than any other type. In the group under 1 year over 64 per cent 
of the deaths were due to meningitis. In the entire group under 15 years 
less than 50 per cent of the deaths were from this type. 


TABLE VI 


Deaths from five types of tuberculosis in children under 15 years of age in Minnesota, 
1915-1926 by age-groups 


TOTAL 


UNDER 
1 YEAR 


1-2 
YEARS 


2-3 
YEARS 


3-4 
YEARS 


5-10 YEARS 


10-15 yEaRS 


1,047 
725 
151 

42 
37 


332 
117 
50 
11 
3 


187 
48 
22 

3 
2 


120 
30 
11 

2 
4 


87 
31 
14 
2 
1 


130 (26) 
124 (24) 
18 (3.6) 
9 (1.8) 
10 (2) 


127 (25) 
356 (71) 
30 (6) 
12 (2.4) 
15 (3) 


2,002 


513 


262 


167 


135 


291 (58) 


540 (108) 


Note: The figures in parentheses are averages for one year. 


Pulmonary tuberculosis is next in importance as a cause of death, 
being responsible for about 30 per cent of the deaths under 15 years. 
Of the 2,002 deaths from these five causes, miliary tuberculosis caused 


151 deaths or less than 8 per cent. Dunn and Cohen (8), in their series 
of necropsies on children under 2 years of age found that although tuber- 
culous meningitis was the most common type of clinical diagnosis, 
miliary tuberculosis was present in almost every case of tuberculous 
meningitis and in many cases of tuberculous pneumonia. It is probable, 
therefore, that miliary tuberculosis exists in many cases in which the 
death is attributed to some other form of the disease. Their series of 
cases also showed that tuberculous meningitis or general miliary tuber- 
culosis was always fatal. 


4-5 
Meningitis.......... 64 
19 
6 
Lymph node........ 3 
2 
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Lymph-node tuberculosis caused 42 deaths and tuberculosis of the 
bones 37 deaths in this twelve-year period. These two forms of the 
disease, while more commonly seen in children than in older people, are 
not of great importance as a cause of death. 

In chart II the relative importance of the five types of tuberculosis as 
a cause of death for each age-level is shown. Up to the 10 to 15-year 


TABLE VIL 


Mortality from tuberculous meningitis in children under 15 years of age in Minnesota, 
1915-1926, by age-groups* 


1-2 2-3 3-4 
YEARS YEARS 


g 


1915 
1916 
1917 
1918 
1919 
1920 
1921 
1922 
1923 
1924 
1925 
1926 


Total 
deaths 
and 
average 
yearly 
rate....|1,127/12 55/332] 55 .56/187/30.31/120)19 .11 


woo me tr | Deaths 
lo | Deaths 


* Rates per 100,000 children in each age-group. 


period meningitis exceeds any other form. After 5 years of age pulmo- 
nary tuberculosis causes more deaths than meningitis, and from 10 to 15 
years more than twice as many deaths as any other form. 


Tuberculous Meningitis 


Tables VII, VIII, and IX give the actual number of deaths and the 
rate for each age-group for the years 1915 to 1926, the average rates for 
the four periods by age-groups, and the comparison of the rates for two 


137/19 .35] 52/108 17/37.81| 7|14.18 12.21} 31/13.11) 19/8.24 
119]16.58) 40) 82.62} 10/21 .93) 20/39 .96 12.04) 7.09) 15|6.41 
106}14.56) 43) 87.61] 11/21.68 9.90) 15) 6.17] 6)2.53 
129]17 .38] 31] 61.93) 21/40.59 19.42} 29]11.70) 12/4.96 
89/11 19] 37.64) 14/29.45] 14/26.83 13.35] 17] 6.80) 913.69 
97/13 19] 38.70] 22/41.29) 9]17.14 9.51) 18] 7.24) 14/5 .98 
76)10 .04) 17] 34.17 15/27 .71 6)11 .23 1.86} 23) 9.06} 10}4.20 
74| 9.64) 27) 53.57} 10)18.23) 8|14.79 5.52] 14) 5.44) 7/2.90 
88/11 .34) 23) 45.05) 9116.42 16.35] 11] 4.22] 6)2.47 
9.94] 21] 40.61] 17/30.21) 9.00 3.58] 14) 5.30) 913.67 
54) 6.80} 22] 42.01] 5) 8.77) 1] 1.77 7.08) 3.37) 913.64 
80} 9.94! 18) 33.94] 20/34.66) 9/15.81 8.74) 12| 4.43) 11)4.37 
87/13 .53/64| 9.96/210) 6.99]127/4.42 
| 
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periods, 1915 to 1917, and 1924 to 1926, showing the percentage of possi- 
ble reduction which has been achieved. 

As shown in table VII, the average mortality rate from tuberculous 
meningitis for children under 15 years during the period studied was 
12.5. For the group under 1 year of age the average rate was 55.5. As 
the age increases the rate markedly decreases until the 10 to 15 group 
is reached, when there was a rate of 4.4. The rate from tuberculous 
meningitis for New York City for 1923 was 17. The rate for Minnesota 
for the same year was 11. Meyers (37), in a study of 105 cases of 


TABLE VIII 


Death-rates from tuberculous meningitis in children under 15 years of age in Minnesota, 
1915-1926, in three-year averages by age-groups* 


UNDER 1-2 2-3 3-4 10-15 


TOTAL | year | YEARS | YEARS | YEARS YEARS 


Period I, 1915-1917 16.83) 93.04] 30.73) 25.27) 17.77 5.72 
Period II, 1918-1920 14.16) 46.00} 35.60) 28.18) 16.99 4.87 
Period IIT, 1921-1923 10.34) 44.26) 30.31) 14.14) 8.38 3.19 
Period IV, 1924-1926 8.89} 38.85) 24.54) 8.86) 11.00 3.89 


* Rates per 100,000 children in each age-group. 


TABLE Ix 


A comparison of the death-rates from tuberculous meningitis period I (1915-1917) and period IV 
(1924-1926) by age-groups 


tora | UNDER 1-2 2-3 4-5 5-10 | 10-15 
1 YEAR | YEARS | YEARS YEARS | YEARS | YEARS 


Period I, 1915-1917 16.83] 93.04) 30.73) 25.27 11.38] 8.79 
Period IV, 1924-1926 8.89] 38.85} 24.54) 8.86 6.46] 4.36 
Actual reduction 7.94) 54.19} 6.19] 16.41 4.92) 4.43 


47.1 | 58.2 | 20.1 | 64.8 .O | 43.2 |50.4 


tuberculous meningitis in children, states that in no case was there 
recovery or remission from the disease. If there actually is a fatality 
rate of 100 per cent in this type of the disease and if, as a review of the 
literature shows, the incidence of infection increases as the age of the 
child increases, there doubtless is some factor, possibly anatomical or 
physiological, which causes tuberculosis in infants to take the meningeal 
form. 

Table VIII shows the downward trend of mortality for each age-level. 
The decrease in the group under 1 year is most striking. 


YEARS 
3 
1.83 
Per cent of possible reduction 
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In table IX it isseen that the percentage of possible reduction achieved 
for the group under 15 years was 47.1 for tuberculous meningitis, com- 
pared to 50.5 for all forms of the disease. The highest percentage of 
reduction occurred in the 2 to 3-year group, namely,64.8. Under 1 year 
of age the percentage of reduction achieved was 58.2. 

Chart III strikingly shows the relation between the mortality from 
this form of tuberculosis and the age of the child. 


TABLE X 


Mortality from pulmonary tuberculosis in children under 15 years of age in Minnesota, 
1915-1926, by age-groups* 


UNDER 1-2 2-3 3-4 
YEARS YEARS YEARS 


Bt 


| Rate 
| Rate 
| Deaths 
| Rate 


vo 
3 


| Rate 


1915 
1916 
1917 
1918 
1919 
1920 
1921 
1922 
1923 
1924 
1925 
1926 


Total deaths and 
average yearly 


bd 
aon 


= WW 

eres 


IR 


: 


SONNON AO | Deaths 
| Deaths 


OOO 
| Rate 


UBD AOS 


MONRO 


| 
| 
| 


co 
co 
\o 
> 


8.1]117/19.4) 48) 7.8) 30 


* Rates per 100,000 children in each age-group. 


Pulmonary Tuberculosis 


Table X shows the average death-rate from pulmonary tuberculosis 
under 15 years of age for 1915 to 1926 to be 8.08. Asin the case of tuber- 
culous meningitis, the group under 1 year showed the highest rate. The 
rate decreased, as the age advanced, up to the 5 to 10-year age-level 
when there is seen a rate of 4.0. The decided increase in mortality 
occurs, however, at the 10 to 15-year group, when a rate of 12.3 occurs. 
The rates between the ages of 2 and 5 years probably are of little value 
because of the few cases occurring at these ages. There has been a 


a A Ale 
69 31/13..4 
94 50}21 .3 
96 45/18 .9 
87 42117 .3 
49 | 23) 9.4 
67 36]15.3 
47 23) 9.6 
36 18] 7.4 
57 21| 8.6 
35 19] 7.7 
38] 18] 7.2 
50 30/11 .9 
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general downward trend in the mortality for each age-group, as shown 
in table XI. 

In table XII it is seen that the percentage of possible reduction 
achieved for the entire group under 15 years was 57.5. This percentage 
of reduction is greater in pulmonary tuberculosis than in any other type 
studied. The highest percentage of reduction, 87.8, occurs between 2 
and 3 years of age. Attention has been called to the fact, however, that 
so few deaths (30) occurred at this age that the rates are less significant. 
The reduction of 70 per cent in the group under 1 year of age is probably 


TABLE XI 


Death-rates from pulmonary tuberculosis in children under 15 years of age in Minnesota, 
1915-1926, in three-year averages by age-groups* 


UNDER 1-2 2-3 3-4 4-5 5-10 | 10-15 
1 YEAR | YEARS | YEARS | YEARS | YEARS | YEARS | YEARS 


YEARS TOTAL 


Period I, 1915-1917.......... 12.0 | 33.7] 5.8] 1.6] 6.3 | 17.8 
Period II, 1918-1920.......... 9.1 | 18.6} 10.3) 5.7] 56] 4.4] 4.4] 14.0 
Period TIT, 1921-1923.......... 6.1) 15.1]; 9.6) 2.4] 5.9} 3.0] 2.8] 8.5 
Period IV, 1924-1926.......... 5.1) 34) 12) 8.7) 22) 69 


* Rates per 100,000 children in each age-group. 


TABLE XII 


A comparison of the death-rates from pulmonary tuberculosis period I (1915-1917) and period IV 
(1924-1926) by age-groups 


UNDER | 1-2 2-3 3-4 4-5 5-10 | 10-15 
1 YEAR | YEARS | YEARS | YEARS | YEARS | YEARS | YEARS 


TOTAL 


Period I, 1915-1917......... 7.9} 9.9] 5.8 1.6 

Period IV, 1924-1926......... $2111 1.21 17 2.2} 2.0] 8.9 
Actual reduction.............. 6.9 | 23.6] 4.5] 8.7] 4.1] —0.6} 4.3} 8.9 
Per cent of possible reduction 


the most significant. In the 10 to 15-year age-group there was a reduc- 
tion of 50 per cent. Chart III showed the relationship between the 
mortality from pulmonary tuberculosis and age. From the group under 
1 year of age up to the 5 to 10-year group the mortality from pulmonary 
tuberculosis decreases as the age advances. It will be noted that there 
is a slight rise with the 5 to 10-year group and a very definite increase in 
mortality in the 10 to 15-year group. 

The difficulty in making a diagnosis of pulmonary tuberculosis in a 
young child must be considered in relation to the mortality figures. 


a ‘ 
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From a study of their necropsy records, Dunn and Cohen (8) stated that 
a diagnosis of tuberculous bronchopneumonia was not made in many 
cases, even when there existed chronic signs of pulmonary consolidation, 
with an up-and-down temperature curve and loss of weight. They con- 
clude that, ‘‘even when signs of pulmonary consolidation are present, 
the diagnosis of tuberculosis must depend on more than ordinary methods 
of examination.” It is possible that a certain percentage of deaths 
classified as nontuberculous pneumonias in young children actually are 
tuberculous in origin. 


TABLE XUI 


A comparison of the death-rates from pulmonary tuberculosis, period I (1915-1917) and period 
IV (1924-1926): all ages 


Period I (1915-1917) 83.3 
Period IV (1924-1926) 54.1 


Actual reduction 29.2 
35.0 


Table XIII gives the percentage of possible reduction in rate achieved 
from pulmonary tuberculosis for all ages for Minnesota. The percen- 
tage of reduction in rate for pulmonary tuberculosis for all ages was 35, 


compared to a reduction of 57.5 for children under 15 years of age. 
Chart IV presents graphically a comparison of the mortality rates from 
pulmonary tuberculosis in Minnesota for all ages and for the group 
under 15 years of age. This brings out more clearly the point that there 
has been a greater decrease in rate in children than in all ages. 


Miliary Tuberculosis 


In table XIV it is found that the average death-rate from miliary 
tuberculosis under 15 years of age, for the twelve-year period, was 1.6. 
As was found in the other types of tuberculosis just reviewed, the highest 
rate, 8.5, occurred in the group under 1 year of age. In this type of the 
disease, also, so few cases occurred each year in the other age-groups that 
a comparison of the rates is probably of little value. In table XV the 
general trend of the mortality from miliary tuberculosis is shown. With 
the exception of the group under 1 year of age and the 10 to 15-year 
group, there was a rise in death-rate from miliary tuberculosis in the 
third period, 1921 to 1923, for which no explanation can be offered. The 
general trend, however, was downward. 


= 
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For the entire group under 15 years of age, table XV shows 48 per 
cent of the possible reduction in rate. This table again shows the in- 
significance of the rates for the other age-levels in which so few deaths 


TABLE XIV 


Mortality from miliary tuberculosis in children under 15 years of age in Minnesota, 1915-1926, 
by age groups* 


1-2 2-3 
YEARS YEARS 


| Rate 
Deaths 


1915 
1916 
1917 
1918 
1919 
1920 
1921 
1922 
1923 
1924 
1925 
1926 


Total deaths and 
average yearly 


ONNOPNRE 

NOWNWWNH OPN & 
|r Deaths 

SON OND NH OO ROH 
|r Deaths 
| Deaths 


152]1.67| 51) 8.50) 22/3.53) 11 


* Rates per 100,000 children in each age-group. 


TABLE XV 


Death-rates from miliary tuberculosis in children under 15 years of age in Minnesota, 1915- 
1926, in three-year averages by age-groups* 


UNDER 1-2 2-3 3-4 4-5 10-15 


TOTAL | 1 year | vears | YEARS | YEARS YEARS 


Period I, 1915-1917 2.08 | 9.27 | 4.39 27 1.28 
Period II, 1918-1920 1.56 |11.39 | 1.95 | 0. 23 | 0. 1.26 
Period III, 1921-1923 1.99 | 7.88 | 3.87 | 2. 99 | 1. 1.10 
Period IV, 1924-1926 1.08 | 4.46 | 2.93 5% 3 0.53 


* Rates per 100,000 children in each age-group. 


occurred. It will be seen that the 4 to 5-year group shows an increase 
in rate of 165 per cent, with all other ages showing decreases. Attention 
has previously been called to the statements showing that miliary tuber- 


2 
(=) |All 
d 11 0.84) 3 /1.30 
13 0.41| 3 |1.28 
1 0.82] 3 11.26 
10 0.00] 1 |0.41 
5 0.40] 2 10.82 
20 1.20) 6 |2.56 
16 0.78] 4 11.68 
7 0.38] 1 10.41 
23 1.53} 3 11.23 
6 0.00] 0 |0.00 
9 10.00] 2 10.80 
11 0.73] 2 10.79 
1.71] 14/2.16] 6 |0.90| 30/1.04 
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culosis is found much more commonly at autopsies associated with 
meningitis than those diagnosed clinically. Chart III presents the 
average death-rate from miliary tuberculosis for each of the age-groups. 
As in the other types of the disease, the group under 1 year of age shows 
a distinctly higher rate than any other group, with the rate decreasing as 
age advances. 
TABLE XVI 
A comparison of the death-rates from miliary tuberculosis, period I (1915-1917) and period IV 
(1924-1926) by age-groups 


UNDER 1-2 2-3 4-5 5-10 | 10-15 
1 YEAR| YEARS | YEARS YEARS YEARS 


Period I, 1915-1917 9.27 ; 2.63 é 0.66} 0.69 
Period IV, 1924-1926 4.46 1.76.4 1. 1.75] 0.24 
Actual reduction 4.81 0.87 —1.09) 0.45 


Per cent of possible reduction 
achieved 151.8 .2 133.0 .8 |—165.1 |65.2 


TABLE XVII 
Deaths from lymph-node tuberculosis in children under 15 years of age in Minnesota, 
1915-1926, by age groups 


1-2 2-3 3-4 5-10 10-15 
YEARS YEARS YEARS 


NWN WP 


N 
bo 


Tuberculosis of the Lymph Nodes 


The actual number of deaths from lymph-node tuberculosis is given 
in table XVII. A total of 42 deaths occurred in children under 15 years 
of age from 1915 to 1926, averaging less than 4 per year. Eleven of 
these deaths occurred in infants under 1 year of age, and 12 in the group 


TOTAL 
1.28 
0.53 
0.75 
58.5 
YEAR TOTAL 
1915 
1916 
1917 
1918 
1919 
1920 
1921 
1922 
1923 
1924 
1925 
1926 
Total..... 
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between 10 and 15 years of age. Lymph-node tuberculosis, although 
a common type in children, is of little significance as a cause of death. 


TABLE XVIII 


Death from tuberculosis of the bones in children under 15 years of age in Minnesota, 
1915-1926, by age-groups 


10-15 
TOTAL YEARS 


KF OF WOOF OC 


miooococre CO 


TABLE XIX 
Deaths from all other forms of tuberculosis in children under 15 years of age in Minnesota, 
1915-1916, by age-groups 


2-3 5-10 10-15 
YEARS YEARS 
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Tuberculosis of the Bones 


Table XVIII shows a total of 37 deaths from tuberculosis of the bones 
in children under 15 years of age for the twelve years studied. ‘Twenty- 


! YEAR 
1916 
1917 
1918 4 
1919 
1920 
1921 
1922 

1923 
1924 

1925 
4 1926 
Total..... 
| UNDER 1-2 

YEAR TOTAL 1 YEAR YEARS 

1915 35 8 
1916 33 10 
1917 28 10 

1918 39 17 
1919 26 6 

1920 20 5 
3 1921 - 7 7 
1922 12 3 
1923 7 4 
| 1924 18 6 
1925 25 10 

1926 8 1 

Total.....] 258 87 
| 
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FROM ALL FORMS OF TUBERCULDS: DEATHS FROM FIVE TYPES OF TUBERCULOSIS 
IN CHILOQEN UNDER 15 YEARS OF AGE IN MINNESOTA 1915-1028 
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five of these deaths occurred after the age of 5 years. Tuberculosis of 
the bones in children under 5 years is a comparatively uncommon clinical 
condition. As in the case of lymph-node tuberculosis, tuberculosis of 
the bones, although significant as a cause of morbidity in children, is 
unimportant as a cause of death. 


All Other Forms of Tuberculosis 


Deaths from all other forms of tuberculosis, not classified in the five 
types given, are shown in table XIX. These include abdominal tubercu- 
losis, scrofula, Pott’s disease, tuberculosis of the joints, and tuberculosis 
of other organs. The total number of deaths thus classified in children 
under 15 years was 258 for the twelve-year period. The greatest number 
of these deaths occurred in the older groups, over 50 per cent of them in 
children over 5 years of age. 


The Trend of Mortality from Tuberculosis 


The trend of the mortality rates for the period 1915 to 1926 is shown 
in chart V. The average rates for three years dividing the twelve years 
into four groups is shown. As has already been stated, the general trend 


in mortality from tuberculosis in children under 15 years of age is down- 
ward. In the rates from all forms of the disease and from pulmonary 
tuberculosis, the greatest actual reduction in rate has been between the 
1915 to 1917 period and the 1918 to 1920 period. The death-rate 
from pulmonary tuberculosis has been decreased more than in any other 
form. 


COMMENT 


What are the factors which are responsible for the decline in tubercu- 
losis among children during the twelve years studied? Why was there 
a greater decline in the death-rate from tuberculosis in children than the 
tuberculosis death-rate for people of all ages? 

Although it is impossible to state definitely the exact causes of the 
decrease in the number of deaths from tuberculosis, it is of interest to 
examine certain measures which have been carried out and which 
probably have had some effect on the tuberculosis mortatity. 

Emerson (38) in 1922 divided the possible causes for the decline in the 
tuberculosis death-rate into three groups: ‘‘(1) specific measures, (2) 
accessory factors, and (3) accidental factors.” 


hs 

4 

a 

a 

A 


403 


TUBERCULOSIS MORTALITY AMONG CHILDREN 


The specific measures, intentionally directed against the transmission 
of the tubercle bacillus from the diseased to the well, Emerson gives as 


follows: 


1: Early and accurate diagnosis of all forms of tuberculosis. 
2: Bacteriological diagnosis of specimens of sputum from those suspected of 
having pulmonary tuberculosis. 

3: Notification of tuberculosis as a communicable disease to the officers of 
public health. 

4: Segregation in a manner to diminish, if not wholly to prevent, the distribu- 
tion of the tubercle bacillus from those with positive sputum to others during 
the active or open carrier stages of the disease. This includes sanatorium 
treatment or its equivalent. 

5: Home nursing services for the education of families in which one or more 
cases of tuberculosis are under the care of a private physician or dispensary. 
6: Enforcement of laws and ordinances designed to reduce the habit of spitting 


in public places. 
7: Enforcement of laws and ordinances forbidding the common use of such 


articles as drinking cups, etc. 

8: The compulsory pasteurization of milk and milk products except such as 
come from herds or cows proved to be free from tuberculosis. 

9: Exclusion of the carcasses of animals slaughtered for food purposes in which 
tuberculous lesions are found. 

10: Examination and exclusion of those found to be suffering from active 
tuberculosis from industries concerned with the handling and serving of food. 


11: Control of flies. 


The accessory factors, which Emerson thinks have been of definite 
value in preventing tuberculosis, he gives as follows: 


1: Reduction in infant mortality and in particular the maintenance of the 
nutrition of infants by breast feeding unless the mother is tuberculous. 

2: Nutritional protection and assistance for children, in particular from 2 to 6 
years, and, in general, for all children until they have attained maturity or have 
left school control. 

3: Open air classes for anaemic, undernourished, and pretuberculous children. 
4: Education in the principles of healthy existence and the natural laws upon 
which growth, development, and vigorous maturity depend. 

5: Housing or tenement, house reform. 

6: The elimination by enforcement of laws or by trade regulations and agree- 
ments of those conditions in industry which have been shown to contribute, 
by mechanical or chemical injuries of the respiratory tract, to the development 
of tuberculosis among industrial workers. 
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Among the accidental factors which Emerson gives, that may have had 


some influence upon the death-rate from tuberculosis, are such things 
as racial changes in the population; war service, putting men of 21 to 31 
under favorable conditions of hygiene and nutrition; expansion of indus- 
try; high wages; more continuous employment from 1915 to 1919, with 
a resulting increase in expenditures for housing, food, and clothing; 
prohibition; influenza in 1918 and 1919, probably given as a cause of 
death for many persons who otherwise would have died of tuberculosis. 

Doubtless certain of these same factors, which may have been re- 
sponsible for the reduction in the general death-rate from tuberculosis, 
have also affected the mortality from tuberculosis in children. Practi- 
cally all of the specific measures referred to by Emerson have been carried 
out in the state of Minnesota, or at least parts of the state, for many 
years. The provision of a sanatorium for the segregation and care of 
tuberculosis patients was made in Minnesota in 1903. In that year the 
State Sanatorium for Tuberculous Patients in Walker was established. 
In addition to the State Sanatorium, at the present time there are 14 
county sanatoria, giving a total of 2,078 beds for tuberculosis patients in 


the state. 


If the segregation of infected individuals is a factor in reducing 


the amount of infection and the number of deaths from tuberculosis for 
people of all ages, it probably is a greater factor in reducing the infection 
and deaths in children. Children are more susceptible to all infections, 
including tuberculosis, than are adults, As a review of the literature 
shows, the consensus of opinion at the present time is that the younger 
the child when infection with tuberculosis occurs, the graver is the prog- 
nosis. This present study again shows that the mortality was highest in 
infants under 1 year of age. This would indicate that, in the future, the 
prevention of tuberculosis in children must be directed toward preventing 
infection in infants by periodical examinations of mothers suspected of 
being tuberculous and by the separation of the infant from the tubercu- 
lous mother as early as possible. 

In Minnesota tuberculosis has been a reportable disease to the local 
health officer and the State Board of Health for many years. The 
reporting of cases has been fairly complete since 1915. Provision has 
also been made in the laboratories of the State Board of Health for 
the bacteriological examination of sputum from suspected cases of 
tuberculosis. 

There has been a consistent attempt, on the part of public-health 


authorities, to educate the public in the prevention and care of tubercu- 
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losis. The efforts of the antituberculosis associations have been financed, 
at least partially, by the sale of the Christmas Seal. The effect of 
educational work of this character is difficult to determine. However, 
it probably has been a factor in preventing the spread of tuberculous 
infection. 

Open-air classes for undernourished children, such as are found in many 
cities and the Lymanhurst School for Tuberculous Children in Minneapo- 
lis, are examples of specific attempts to prevent tuberculosis in children. 

Although there is no state law requiring the pasteurization of milk and 
milk products, during the twelve years included in this study there has 
been an increase in the number of pasteurization plants approved by the 
State Department of Health and in the number of cities passing ordi- 
nances requiring the pasteurization of milk. Since it is an admitted fact 
that a certain amount of nonpulmonary tuberculosis in children is of 
bovine origin, the increase in the amount of pasteurization of milk which 
has occurred in Minnesota between 1915 and 1926 may be one factor 
partially responsible for the greater reduction in the death-rate from 
tuberculosis in children than for people of all ages. 

It was noted in the study that the greatest decrease in the tuberculosis 
death-rate occurred in infants under 1 year of age. As Emerson pointed 
out, the general reduction in infant mortality and the maintenance of the 
nutrition of infants by breast-feeding constitute probably one of the most 
important nonspecific causes of reduction in tuberculosis in this age- 
group. Much emphasis has been placed upon infant-welfare work in the 
cities and rural districts in Minnesota during the past fifteen years. It 
is probable that any means of improving the nutrition, care and general 
hygiene of infants will affect not only the general infant death-rate but 
also the death-rate from tuberculosis. 

Tuberculous meningitis caused 64 per cent of the deaths from tubercu- 
losis of infants under 1 year of age. Why tuberculosis in infants takes 
on the meningeal form is difficult to determine. The assumption is, 
however, that because of the slight resistance to infection which infants 
possess, an infection with the tubercle bacillus at an early age frequently 
assumes the miliary form. It is impossible to have a miliary tuberculosis 
without a meningitis. The clinical diagnosis is more frequently meningi- 
tis than miliary tuberculosis, although the two coexist. 

The greatest reduction in death-rate in this study occurred in the 
period between 1915 and 1920. There are two factors which may be 
more or less responsible for the decline during these years. The first is 
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the war. It is an accepted fact that during the years of the war the 
farmer was in a better economic position than for many years. As a 
result of this, it is fair to assume that he was better able to provide food 
and clothing for his family. As Minnesota is a rural state, the economic 
situation of a large share of its population was better during the years 
1915 to 1920 than it was before or since that period. The importance 
of proper food, clothing, and housing in building up the resistance to 
infection in children is well recognized. Therefore, it is possible that the 
war-time prosperity of Minnesota farmers may have lessened the amount 
and severity of tuberculosis in children. 

Another possible reason for the greater decline in death-rate between 
1915 and 1920 which has been referred to by Emerson, is the fact that it 
is probable that many deaths due to influenza probably would have 
occurred from tuberculosis. 


SUMMARY 


The data on deaths from tuberculosis in children under 15 years of age 

in Minnesota, which have been presented in this study, may be sum- 
marized as follows: 

1. The death-rate from all forms of tuberculosis in children under 15 
years of age has decreased 50 per cent during the past twelve years 
(1915 to 1926). The reduction in mortality rate during this period is 
greater among children than the rate for all ages. The reduction for all 
ages was 36 per cent. The greatest reduction, 60.3 per cent, occurred 
in infants under 1 year of age. In this age-group, also, the highest 
mortality rate was found. 

2. In children under 10 years of age the mortality from all form of 
tuberculosis was not consistently higher in either sex. After 10 years of 
age the rate was higher among females. 

3. Tuberculous meningitis caused more deaths than any other form of 
the disease in children under 5 years. In infants under 1 year 64 per cent 
of the deaths were caused by this type of the diesase. The death-rate 
from tuberculous meningitis decreased as the age increased. 

4, Pulmonary tuberculosis was second in importance as a cause of 
death in children under 5 years of age. After 5 years of age more deaths 
were caused by this type than from meningitis. The highest death-rate 
from pulmonary tuberculosis occurred in infants under 1 year of age. 

There occurred a greater reduction in mortality from pulmonary tuber- 
culosis than from any other type during the twelve years studied. A 
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greater reduction in the mortality rate from pulmonary tuberculosis oc- 
curred in children than in the rate for all ages combined during this 


period. 
5. The third type of tuberculosis in importance as a cause of death in 


children was found to be miliary tuberculosis. 
6. Lymph-node and bone tuberculosis, although common forms of the 
disease in children,were insignificant as causes of death. 
7. There has been a very definite downward trend in mortality from 
tuberculosis in children between 1915 and 1926. The greatest reduction 
occurred in the period between 1915 and 1920. 
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FINDINGS IN 4500 CHILDREN EXAMINED FOR 
TUBERCULOSIS: 


J. A. MYERS 


On May 31, 1921, a special school for tuberculous children was dedi- 
cated in Minneapolis. This institution has been in operation since 
that date as a public school of the regular Minneapolis school system. 
Such an institution was made possible through the coéperation of the Min- 
neapolis Board of Education and the Minneapolis Board of Public 
Welfare. The Board of Education provided all the facilities for the op- 
eration of a public school, and the Board of Welfare, through its hospital 
division, provided a building and all facilities necessary for the medical 
and the nursing care of the children. The institution was named the 
Lymanhurst School because the property upon which it was constructed 
was donated to the city of Minneapolis by George R. and Frederick W. 
Lyman. All of this was conceived and brought to realization by one 
man, Dr. F. E. Harrington, the Commissioner of Health of the city of 
Minneapolis and at the same time Director of Hygiene of the Minneapo- 
lis Public Schools. Doctor Harrington has remained in these positions 
since the opening of the Lymanhurst School, and has contributed much 
to the development of all its phases. 

At the time Lymanhurst was dedicated there were on the records in 
the office of the Director of Hygiene names of 123 children who had 
been debarred from school by State law because of a diagnosis of 
tuberculosis. On investigation of these cases the Director of Hygiene 
observed that many were not seriously ill and that some were able to 
be in school a part of each day. From these observations he was con- 
vinced that in a city the size of Minneapolis there was need for a 
special school for tuberculous children, where those suffering from definite 
tuberculous lesions, not necessarily actively progressive yet constituting 
a potential menace, could be under close medical and nursing supervision, 


1 This paper was prepared with the aid of a grant from the Research Fund of the Univer- 
sity of Minnesota. 

2 Presented before the Pathological Section of the National Tuberculosis Association at its 
twenty-third annual meeting, Indianapolis, May 26, 1927. 
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receive special rest and special food, and at the same time develop their 
minds, so that later they might take positions carrying little or no health 
hazard as far as tuberculosis is concerned. With this thought in mind, 
the codperation of the Boards above mentioned was sought and secured; 
and with this vision of helping humanity the Lymanhurst School was 
opened and has, since that time, been filled to capacity for the greater 
part of each year. 

I wish to call attention, particularly, to the work of the Out-Patient 
Department which was demanded by the public after the school had 
been running for about a year. This department has found it necessary 
from time to time to increase the number of hours devoted to the ex- 
amination of children, many of whom are prospects for the Lymanhurst 
School. It is now in operation four afternoons weekly with two phy- 
sicians in attendance each afternoon. Since it began its activities, 
4,500 cases have been admitted for examination. The total number 
of examinations and reéxaminations of this group of children has been 
21,028. Here, as in many Out-Patient Departments, the examination 
cannot be as complete as one might desire in every case. However, 
leading phases of the standard examination are possible, and the data 
obtained are usually sufficient to determine whether a child is entirely 
normal, whether it has definite disease, or whether disease is to be sus- 
pected. The routine examination consists of a history, cutaneous tuber- 
culin test, stereoscopic roentgenographs of the chest, and physical ex- 
amination. In cases with disease suspected in other parts of the body, 
whether it be tuberculous or nontuberculous, special examinations are 
made. Obviously, when a number of different physicians are working 
it is not always possible to obtain as complete histories as one might 
desire; for example, the history of exposure may be gone into in a most 
careful manner by one physician, while another is not so much interested 
in this phase of history and consequently presents it in a much less de- 
tailed way. The following of printed forms cannot always be entirely 
satisfactory because of the differences in individual cases; therefore the 
compilation and analysis of data concerning exposure in any clinic, 
where good-sized numbers of patients are seen by a number of different 
physicians, will be more or Jess handicapped by some lack of uniformity. 
Consequently, there will be a number of cases in which the question of 
exposure cannot be settled definitely from the records alone. The phy- 
sician is not entirely to blame for this circumstance, inasmuch as parents 
and attendants are not certain about the exposure of a given child. In 
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a given family there may be a case of suspected tuberculosis in which the 
diagnosis is pending, in which event the history of exposure may be 
questionable for the time being. The surest way to determine whether 
there has been definite exposure is, as Richdorf has pointed out, to devote 
a great deal of time to each case, but obviously this is not always pos- 
sible because the time required is too great and the evidence is often 
quite inaccessible. 


EXPOSURE AND INFECTION 


From the records of the 4,500 cases examined as above, table 1 shows 
that 2,216 gave positive histories, 1,606 negative histories, and 640 
questionable histories of exposure. 

Table 2 shows the girls grouped separately, with 1,116 giving positive 
histories, 830 negative histories, and 291 questionable histories of 
exposure. 

Table 3 shows the boys grouped separately, with 1,098 cases giving 
positive histories, 776 negative histories, and 350 questionable histories 
of exposure. 

The tuberculin test applied at the Lymanhurst Out-Patient Depart- 
ment has for the most part been the epidermal (Pirquet). However, in 
recent years the intracutaneous test has also been much used. In cases 
reacting negatively it has not always been possible to repeat the test; 
therefore this fact must be taken into consideration when reading tables 
1.2and3. The tuberculin reaction in relation to exposure has been in- 
dicated in the tables. Of the entire group of 4,500 cases it will be seen 
in table 1 that 2,275 had positive tuberculin reactions. With the girls 
grouped separately table 2 shows 1,160 as giving positive tuberculin 
reactions, and when the boys are grouped separately table 3 lists 
1,115 with positive reactions. In table 4 the percentages of cases with 
positive tuberculin reactions under Definite Exposure, Questionable Ex- 
posure and Negative Exposure have been recorded. In tables 1, 2, 3 
and 4 the children have also been grouped according to age. 


PRIMARY FOCI 


Following infection one must consider the presence of primary foci. 
It is not always possible, of course, to locate the primary focus by our 
present methods of examination, which in reality are crude. The foci 
may be so small as to cast no shadow on the X-ray film, or they may be 
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TABLE 1 
Relation of history of exposure to reaction to Pirquet test: boys and girls: 4,500 cases 
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TABLE 2 
Relation of history of exposure to reaction to Pirquet test: girls: 2,259 cases 
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Percentage relation of history of exposure to reaction to Pirquet test: boys and girls: 4,501 cases 
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in some part of the chest not readily accessible to X-ray examination. 
Again, the focus may be in some other part of the body, where it could 
not possibly be detected except by biopsy; and usually this is not possible 
and in most cases it is certainly not advisable for the detection of primary 
foci. Stereoscopic plates of the lungs of the 4,500 cases in question 
revealed what the roentgenologist interpreted as primary foci in the 
pulmonary parenchyma in 406 cases. ‘The location of these foci as to 
lobes involved is indicated in table 5. The presence of positive tuber- 
culin reactions is of considerable interest in these cases, since only 273 
were positive. This, of course, makes one wonder whether the shadows 
designated in stereoscopic plates as primary foci are always correctly 


TABLE 5 
Primary lesions in 4,500 cases 


Right upper lobe 
Left upper lobe 
Left lower lobe 
Right lower lobe 
Right middle lobe 
More than one lobe 


Total number with definite history of exposure 
Total number with positive reaction to the Pirquet test 


interpreted; second, whether the tuberculin used has been potent, or the 
test improperly applied; but in most of these cases the test was repeated 
several times with the same result. Again, one must consider the like- 
lihood of these shadows representing primary foci which have become 
healed and sterilized. Our material is such that practically none ever 
come to postmortem examination while under the observation of the 
Lymanhurst staff, and it is therefore impossible to say with a high degree 
of accuracy what happens in the individual case. 


CALCIFICATION IN HILUM REGION 


Calcification in the region of the pulmonic hilum has been found rather 
frequently in childhood by pathologists. Roentgenologists have come 
to interpret certain densities in the region of the hilum as representing 
calcific deposits. The roentgenologists at the Lymanhurst School have 
indicated the extent of shadows produced by what they interpret as 
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deposits of calcium as slight, moderate and marked. In the 4,500 cases 
studied, they found evidence of slight calcification in the region of 
the hilum in 2,410 cases (table 6). Obviously there is considerable 
possibility of misinterpretation when one is dealing with a small region 
in such an indirect manner and since other shadows may become dense 
enough to be interpreted as slight areas of calcification. In this group 
of 2,410 cases the cutaneous tuberculin test was positive in 1,296. 
There were 703 cases with a moderate amount of calcification in the 
region of the hilum. Of these, 358 had positive tuberculin reactions. 
There were 42 cases with evidence of marked calcification, and, of these, 
29 were positive to tuberculin. It is obvious, therefore, that all cases 
with hilum shadows interpreted as calcareous deposits do not react to 
the cutaneous tuberculin test. Here, as with the primary lesion, there 
is a possibility that the interpretation is not correct in 100 per cent of 


TABLE 6 
Calcification 


the cases, that calcification may be due to other causes than tuberculosis, 
and that a tuberculous lesion resulting in calcification may become com- 
pletely healed and sterilized so as to give no evidence of infection by the 
tuberculin test. 


PLEURISY 


Of our total group, 246 children gave histories of having had pleurisy 
(table 7), while on examination 136 children were found with definite 
evidence of pleurisy. Some had old pleural adhesions, others recent 
attacks of pleurisy with friction rub, etc., and a few had pleural effusion. 
When grouped according to age, of those giving a history of pleurisy 3 
were from one to two years, 48 were from three to six years, 106 were from 
seven to eleven years, 72 were from twelve to fifteen years, and 17 were 
from sixteen to eighteen years old. It must be remembered that our 
material is much smaller between one and two, and again between six- 
teen and eighteen years, than at any other intervening group of years. 


Slight 2,410 

42 

Positive reaction to Pirquet test quyyyS 29 
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From history alone it is not always possible to determine whether definite 
pleurisy has existed, nor is it always even possible to know whether, if 
it did exist, it was of the wet or the dry type. Therefore, in grouping 
according to age the cases that, on examination, had definite evidence 
of pleurisy, we find that 3 were between one and two years of age, 33 
between three and six years, 58 between seven and eleven years, 33 be- 
af tween twelve and fifteen years, and 9 between sixteen and eighteen years. 
1 An analysis of the cutaneous tuberculin reactions in the cases with history 
and evidence of pleurisy showed that 155 reacted positively. When the 
136 cases with definite evidence of pleurisy were tested we found that 88 
reacted positively. Of the 136 cases that had definite evidence of pleu- 


TABLE 7 


Total number with definite evidence of pleurisy...............ccecccccccccccceccees 


Cases with history of pleurisy grouped according to age 


2 years 3-6 years 7-11 years 12-15 years 16-18 years 
48 106 72 17 


Cases with definite evidence of pleurisy grouped according to age 


2 years 3-6 years 7-11 years 12-15 years 16-18 years 
3 33 58 33 9 


Cases with history and definite evidence of pleurisy having positive Pirquet Test...... 

Cases with definite evidence of pleurisy having positive Pirquet Test................. 88 
Cases with definite evidence of pleurisy having definite exposure..................06- 69 
Cases with definite evidence of pleurisy having questionable or negative exposure..... ‘ 


risy, 69 gave positive histories and 67 questionable or negative histories 
of exposure. 

Among the 4,500 cases, a number of conditions other than tuberculosis 
have been diagnosed, such as Hodgkin’s disease, congenital syphilis, 
goitre, syphilis, poliomyelitis, asthma and bronchiectasis. There have 
been many cases with involvement of the paranasal sinuses. These so 
often cause symptoms, closely simulating those of tuberculosis, that 
we have found it necessary to examine the sinuses routinely. Following 
such sinus involvement, many cases develop severe bronchitis, and in 
several bronchiectasis has been found to accompany involvement of the 
paranasal sinuses. Large numbers of cases have been found with foci 
of infection in the tonsils and about the teeth. 
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Among the entire group the findings at the Out-Patient Department 
examination were such as to make definite diagnoses impossible in 667 
cases. Therefore they were rated as tuberculosis suspects. Of these 
667 cases (table 8) 46 were referred to hospitals, or back to their private 
physician, etc., for further observation. Two hundred and forty were 
referred to the Lymanhurst School, 85 to the Lymanhurst ward, 22 to 
the Trudeau Fresh Air School, and 41 to the Visiting Nurses Camp for 
observation. ‘Two hundred and thirty-three of these cases were referred 
to their regular schools, and advised to keep under the close observation 
of their private physicians or the physicians of the Out-Patient Depart- 
ment. We are not yet ready to report on the final diagnoses and out- 
come of these cases. 

Among the 4,500 cases, 176 received diagnoses of juvenile tuberculosis. 
Some of them were suffering from tuberculosis of the cervical lymph 


TABLE 8 
Cases with suspected tuberculosis 


Referred to hospitals or private physicians 
Referred to Lymanhurst Ward 

Referred to Lymanhurst School 

Referred to Trudeau Fresh Air School 
Referred to Visiting Nurses Camp 
Referred to their regular school 


nodes, some from tuberculosis of the hilum lymph nodes, etc. Our work 
was begun before the American Sanatorium Association adopted the 
classification of hilum tuberculosis; therefore, in this group there are some 
cases which would now be classified as hilum tuberculosis and there are 
also some cases which we classify as masked juvenile tuberculosis. Of 
the 176 cases, one was referred to the Minneapolis General Hospital, 13 
to the Glen Lake Sanatorium, 99 to the Lymanhurst School, 1 to the 
Trudeau Fresh Air School, 6 to the Visiting Nurses Camp, and 56 back 
to their regular schools. The condition of the children and the apparent 
state of the disease determine largely the place where each child 
should be treated. Some appeared so well healed that the regular school 
seemed to be a safe place for them, provided they kept under the very 
close observation of the Lymanhurst Out-Patient Department or their 
private physicians. In others the disease was of a progressive nature, 
and the Staff felt that sanatorium routine was definitely indicated. 
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Among the 4,500 cases, 69 have been diagnosed as hilum tuberculosis 
since the adoption of this classification. Of these 69 children, 4 were 
sent to the sanatorium because their condition indicated that their 
disease was progressive and required sanatorium care. Thirty-five were 
sent to Lymanhurst because their condition was such that the Staff felt 


TABLE 9 
Cases with juvenile and hilum tuberculosis 


Referred to hospitals or private physicians 
Referred to Glen Lake Sanatorium 
Referred to Lymanhurst School 

Referred to Trudeau Fresh Air School 
Referred to Visiting Nurses Camp 
Referred to their regular school 


Peribronchial infiltration 
Calcification of intrapulmonary lymph nodes 
Penumonia 


TABLE 11 
Pulmonary lesions 


Female 
45 23 
Location 


Right Lung Left Lung Both Lungs 
Apex Base Apex Base Apex Base 


35 “ 15 3 9 2 
Age 
7-10 years 11-18 years 
18 13 37 


that the Lymanhurst routine would suffice, or at least they could be 
carefully observed there. One was sent to the Trudeau Fresh Air 
School and 2 to the Visiting Nurses Camp. In 27 of these 69 cases 
the disease appeared to be under such control that the children could 
safely be returned to their regular school and kept under the close ob- 
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TABLE 10 

Pulmonary lesions, diagnosis 4 


4,500 CHILDREN EXAMINED FOR TUBERCULOSIS 419 


servation of the Lymanhurst Staff or their private physicians. In table 
9 the cases with juvenile and hilum tuberculosis are grouped together. 

In childhood pulmonary lesions are not always easily diagnosed. 
Long periods of observation are necessary, and even then one is in doubt 
as to the diagnosis in some cases. In tables 10 and 11, I have grouped 
the cases with pulmonary lesions and peribronchial infiltration according 
to diagnosis, in so far as is possible. It will be seen that in 68 cases 
the lesions were of such a nature as to lead to a tentative diagnosis 
of pulmonary tuberculosis. In 13 pneumonia was diagnosed. In 2 
pneumothorax was present and in 4 the diagnosis was undetermined. 
An attempt is now being made to trace these cases, and in a later com- 
munication I hope to be able to present the subsequent developments 
in as many as possible. 

A number of children have been found to have tuberculous lesions in 
parts of their bodies other than the chest. There have been a few cases 
of renal tuberculosis and several of suppurating cervical lymph nodes, 
and several were suffering from tuberculosis of the bones and joints. 
All of these cases have been referred to their private physicians or to 
institutions best equipped for their treatment. 


THE X-RAY DIAGNOSIS OF PULMONARY TUBERCULOSIS 
IN CHILDREN! ? 


F. MAURICE McPHEDRAN 


For at least two reasons, the X-ray diagnosis of tuberculosis in children 
is of extraordinary interest and importance. 

One is that the typically adult form of pulmonary tuberculosis, the 
apical infiltration, frequently can be recognized in the film of a child 
before it causes symptoms (1). In this phase it may be found, on the 
first examination, that the apical lesion is either minimal or moderately 
advanced. Or it may be observed, by means of serial examinations of 
children living in household contact (2) with sputum-positive tubercu- 
losis, that an apical lesion has become roentgenographically demonstrable 
in a child previously unaffected. It may then correctly be called 
incipient. 

The second reason is that in children, especially below the twelfth 
year, there characteristically occurs that form of pulmonary tuberculosis 
which resembles the tuberculosis of first infection produced experimen- 
tally in the laboratory animal. This form is often clearly recognizable 
only in the roentgenogram. 

The fundamental distinction is that in the childhood type of tubercu- 
lous infiltration the lymph nodes draining the pulmonary area affected 
are secondarily involved by the tuberculous infection, while in the adult 
type or phthisis the anatomically associated lymph nodes are not in- 
volved. Furthermore, lesions of the childhood type of pulmonary 
tuberculosis, whether occurring as a circumscribed, focal, caseous necro- 
sis or as a diffuse infiltration, appear to be distributed numerically in 
proportion to lung volume and are most frequent in the lower part of 
the pulmonary cone. This distribution is in marked contrast to the 
apical site of origin of phthisis. Lesions of the childhood type, whether 
circumscribed or diffuse, do occur in the upper half of the pulmonary 
cone, but much less frequently than in the lower half. Lastly, a child- 


1 From the Henry Phipps Institute and the University of Pennsylvania, Philadelphia. 
2 Read before the American Sanatorium Association, Indianapolis, May, 1927. 
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hood lesion originally limited to the base may spread throughout the 
lung and in that event it may be difficult to classify. 

In cases of the kind last mentioned, the basal part of the lesion, if it is 
more strand-like and dense, may be considered the site of origin, espe- 
cially if there is some calcification of the lymph nodes in the line of 
drainage. The practical value for the individual case of such classifica- 
tion is, however, doubtful, except when it is desirable to date the probable 
origin of the lesion. Just as in miliary tuberculosis, infiltration spread 
throughout a lung tends to increase in severity in the apex more rapidly 
than in the base, and it is my impression, from a group of cases observed 
during the last three and one-half years, that in these cases the apical 
portion of the infiltration should cause most concern. 

If we take the various pulmonary lesions in the order in which they 
occur, the basal or childhood typeof pulmonary lesion is the first, tracheo- 
bronchial lymph-node tuberculosis the next, the apical infiltration or 
phthisis the third. Each of these lesions goes through various stages or 
has variations in form. The ease of diagnosis depends on the form and 
stage of each lesion, on the type of chest in which it occurs, and on the 
following fundamental consideration: A roentgenogram being a record 
of relative densities, the possibility of recording any pathological change 
depends upon whether the change in the density of the normal structure 
is roentgenographically perceptible. A slight change in density in the 
parenchyma may be readily recorded while the same addition to the total 
density of a trunk, bronchus, artery or vein, will not be perceived because 
the comparative change is enormously greater in the former case. 

This statement may be readily verified by the study of roentgenograms 
of excised inflated lungs (3). They show that a tubercle which, on 
section, measures 1.5 to 2 mm., can be clearly recorded in a roentgeno- 
gram and may even appear larger than the measurement. The apparent 
size is no doubt often due to the merging of shadows cast by lesions in 
many planes and projected on to a single plane surface, the film. But 
when tubercles in a thin margin of lung are recorded this effect is not 
given. 

It is probable that the difference in density between the periphery of 
a tubercle and the surrounding lung is set off best when the lung is 
inflated. On section, the lung collapses and the transition between 
infiltrated and air-containing tissue is not so sharply marked. This 
discrepancy is more evident when the tubercles are fresh and soft; and 
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less so when the lesion is one of chronic bronchopneumonia, healing 
toward the centre and spreading slowly at the periphery. 

A valuable index of the number of trunks that may be recorded is 
afforded by the excised lung, the vessels of which have been tied off 
before excision (fig. 1 of reference 3). When such lungs are inflated and 
a roentgenogram made it is readily seen that the number and fineness of 
trunks that may be recorded is much greater than has yet been attained 
in films of the living. There is, however, little confusion caused by the 
rich detail, since it is definitely symmetrical and arborizes, branching 
out to the periphery. It is noteworthy that when there is infiltration, 
unless gross destruction of tissue has resulted, the trunks entering the 
infiltrated area are no more prominent than those in a corresponding 
uninfiltrated area. Furthermore, it is found on section that there is no 
thickening of the trunks supplying such areas. Peritruncal infiltration 
is a descriptive term, which implies an inference drawn from an appear- 
ance, not a pathological reality. The so called studding and beading of 
trunks is due to branches arising in the line of the axial ray. A possible 
cause of such localized apparent trunk-thickening in the living is loss of 
parenchymal elasticity from infiltration. For loss of electicity would 
tend to prevent movement of vessels by the pulse-wave, and allow them 
to be recorded clearly. 

Similarly, no changes are found in the structure or density of normal 
trunks, bronchial, arterial, or venous, at different ages other than those 
caused by physiological increase in diameter and length. No pathologi- 
cal basis could be found for the inference that fibrous tissue is laid down 
(4) about bronchi, arteries and veins by the successive respiratory in- 
fections of childhood, adolescence and maturity. The generally increased 
prominence of trunk shadows in normal persons, as age advances, is due 
to the physiological increase in length and diameter and, consequently, 
to increased density and to slower heart-rate, whereby the activity of the 
heart and the passage of the pulse-wave cause less disturbance during 
the time of the exposure. 

Careful examination of the markings in roentgenograms of excised 
lungs shows that of the normal structures only arteries and veins cast 
recognizable shadows beyond the middle third. The normal bronchi, 
appearing as double-contoured lines enclosing a clear space, can rarely 
be followed into the middle third (3). 

The accuracy and the adequacy of a roentgenogram of the living is 
largely to be measured by the clarity and fineness of detail of the trunks 
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recorded. Not only can perceptible changes in the vessels and bronchi 
(passive congestion, bronchiectasis) be recognized, but, when the normal 
structures are well shown, infiltrations can be seen at least as well if the 
spots and strands composing them are of like diameter to the vessels be- 
tween which they occur. Systole and the consequent pulse-wave add 
materially to the difficulty of securing as accurate roentgenograms of the 
living as of the excised lung. It is doubtful whether the effects of move- 
ment have been sufficiently weighed in the interpretation of many 
appearances seen in roentgenograms. At a pulse-rate of 100, common 
in children, auricular systole occupies approximately 0.11 second and 
ventricular systole 0.25 second. It is probable that movement sufficient 
to disturb the detail of the lung adjacent to the heart, particularly the 
right hilum shadow, from the appearances of which so much has been 
deduced, and so. many pathological diagnoses made, occupies at least 0.3 
second of a cycle of 0.6 second. And, apart from the direct effects of 
cardiac movement, each systole discharges suddenly a quantity of blood 
into the curved elastic arterial tree suspended in the elastic lung sub- 
stance. The increased pressure causes the curves to straighten, just as 
does the rush of water into a curved garden hose. And it is probable 
that the force of the pulse-wave sets up vibration in the elastic air- 
bearing parenchyma (3). 

In cases of acute bronchitis the bronchi do not cast shadows by which 
they can be recognized any more distinctly than normal bronchi. Puru- 
lent bronchitis, even when the bronchi are filled with secretion, does not 
produce shadows to be differentiated from those of adjacent vascular 
trunks. In the living, acute respiratory infections that do not involve 
the parenchyma produce no recognizable change from the normal in 
synchronized roentgenograms. The more frequent systoles of acute 
infections increase the chance of exposures, if unsynchronized, being 
made during systole. Itis probable that these artifacts are frequently the 
basis of deductions assigning to such appearances a pathological basis 
(4). ‘‘Blurring and thickening” of trunk shadows is just as evident in 
synchronized films of entirely healthy persons if the exposures are calcu- 
lated so that they occur in systole. And films of children suffering from 
acute respiratory infections which do not involve the parenchyma show 
no “blurring and thickening” of the trunk shadows if the exposures are 
synchronized so that they occur in diastole. 

Another obstacle to obtaining the fullest contrast and detail of lung 
densities in roentgenograms is the chest-wall. The additional ray 
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necessary to penetrate the chest-wall tends to wipe out fine pulmonary 
detail. The thicker the chest-wall, the greater the difficulty in securing 
accurate films.’ Furthermore, the conditions in the apex are entirely 
different from those at the base. Therefore, when the apex is in question, 
the film should be exposed to show this relatively small volume of lung 
enclosed in a chest-wall that is much thicker than elsewhere. As a result, 
there is a slight overexposure of all other parts, but the importance of 
the apex justifies us in calculating exposure for it alone. 

The short, deep-chested, fat child is probably the most difficult to 
examine adequately by the roentgen-ray. A soft, flocculent apical 
shadow in such a child may easily be missed by either overexposure or 
underexposure. Such a shadow is by no means rare, even in fat children, 
and represents a dangerous type of lesion. A case history will give point 
to this assertion. 


A girl of sixteen, whose brother, father and sister had died of tuberculosis, was 
seen in March, 1926. She had no symptoms, was overweight, and physical 
signs were negative. The films were slightly underexposed. The left apex 
was uniformly clouded, but showed no definite lesion. The child was urged 
to return for reéxamination every three months in view of her family history. 
She did not return to the clinic for one year, despite attempts of the social- 
service nurse to persuade her. In April, 1927, she was finally brought in, 
with a history of malaise for eight months and cough for four months. She 
had rales over the left upper half of the lung; roentgenograms showed cavita- 
tion and consolidation of the same area. On reference to her former films, 
one could only say that they were inconclusive and suspicious. The only 
arresting report from her former examination was a violent skin reaction, 
edema and necrosis to 0.01 mgm. of O. T. 


This soft, flocculent type of shadow, often confluent as it increases and 
spreads, is frequently seen in adolescents. It may be most noticeable at 
the axillary level of the second rib, but in these cases careful examination 
will show that it extends into the extreme apex. This axillary localiza- 
tion has received much attention from German authors, who disputed 
whether it is a manifestation of primary infection or of reinfection (5). 
I have seen it in several instances in which the clearly defined history of 
known exposure and the flocculent character and the instability of the 
shadow on reéxaminations made it extremely probable that it was of 
recent incidence and not a childhood type of lesion. It is noteworthy 
that this soft axillary apical lesion has occurred usually in patients who 
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failed to show tracheobronchial calcification after careful search and 
repeated observations. These soft lesions often progress rapidly in 
density and extent, and may excavate in an amazingly short time, often 
beginning at the axillary site of early intense infiltration. 

For cases showing lesions of this type rest in bed is desirable, whether 
there are symptoms or not. In their treatment close observations are 
essential, and repeated accurate films, which are made directly compara- 
ble through securing constancy of the posture of the patient and the 
density of the film. If the lesion does not remain stationary or retro- 
gress, artificial pneumothorax should be considered and absolute rest 
enjoined for a considerable period. 

Another form of lesion, relatively more common in children than in 
adults, is the dense, blocked-out shadow, sometimes homogeneous, some- 
times showing an irregular whitish granular marking upon the gray 
background (fig. 1 of reference 1). The shadow may jut into the apex 
as a wedge, a rectangle, or as one or more circular densities from 1 to 3 
cm. in diameter. Because of the well-defined margins of such lesions, 
it is common to speak of them as scars. ‘To describe any apical shadow 
in a child as a scar, unless made up of narrow strands, is to take a position 
which is quite untenable. Scarring in tuberculosis requires years, and 
it is necessary to know that a lesion has remained unchanged for a year 
before one can call it even stable. These blocked-out areas may arise in 
one year, and may continue to spread, always with sharply defined 
margins, until the whole apex or more is completely invaded. 

Soft, diffuse infiltrations, made up of ill-delimited spots and strands, 
are to be recognized in many children. These, even when faint, may 
usually be seen to arise from the pleura, and to thin out toward the middle 
of the apex. Sometimes the strands composing them appear to be con- 
tinuous with the ascending trunk shadows; this is, however, merely an 
appearance caused by superposition of the shadows. On section of 
excised lungs showing such appearances, only irregular connections be- 
tween strands of infiltration and vessels and bronchi can be established. 
This observation holds even of veins which arise in the septa. When 
infiltrations are sufficiently large to be recorded as strands by the roent- 
gen-ray, they have extended beyond the limits of the primary septa. 
When strand-like infiltrations are scanty, they are to be recognized by 
the asymmetrical distribution of the component strands, these lying 
between and crossing irregularly, in an unequal network, the normal 
symmetrical trunk-shadow arborization. 
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The dense homogeneous infiltration of the extreme apex, so common in 
adults living in contact with sputum-positive tuberculosis of a marital 
consort (2), is rarely seen in adolescents. It does occur, however, and 
is best seen in slightly overexposed roentgenograms, in which the charac- 
teristic salients projecting into the lung are sharply defined. 

In order to secure the fullest view of the extreme apex, the axial ray 
should pass tangential to the apex at its posterior curve. This is attained 
when the patient stands with the shoulders as low as possible, in order 
to draw the clavicle down, the elbows bent and turned out and forward 
to touch the cassette changer, the hands reaching down as low as possible, 
and the abductor surface of the little finger touching the cassette-changer. 
The target is levelled at the third distinctly palpable vertebral spine, 
the most prominent spine being counted as the first. In roentgenograms 
made of a patient in this position the shadow of the second rib falls on 
that of the first, and a good view of the apex is obtained through the 
second and third posterior interspaces. A more or less homogeneous 
density below the second-rib shadow is accepted as pathological in origin 
only if the lower margin is drawn out into irregular salients pointing 
toward the hilum, or if distinctly “‘mossy” (6). 

There is commonly seen through the posterior third or second inter- 
space an arch-like shadow, entirely homogeneous, with its concave sur- 
face, which is directed toward the hilum, sharp, smooth and unbroken 
by salients. It is situated on the anterior wall of the apex. If the inner 
end of the arch be traced, it will be found to pass over into the mediastinal 
shadow. Apparently this arch-like shadow is due to the subclavian 
vessels. It is often seen in the chests of short thick-set people, in which 
a broad mediastinum is common. Verification of this relationship 
between the smooth, arching apical shadow and the mediastinal shadow 
can be obtained by slight rotation of the patient, by which the transition 
is readily perceptible on the side turned away from the film. 

The condition which must chiefly be differentiated from apical tubercu- 
losis in children is bronchiectasis. In one case in which the physical 
signs were characteristic of tuberculosis, the first films made of the pa- 
tient were not adequately exposed, and a diagnosis of tuberculosis was 
made. Later, adequately exposed, synchronized films showed bron- 
chiectasis clearly. Slight overexposure or a slightly hard quality of ray 
is desirable when bronchiectasis is in question, since it brings out the 
bronchial wall as irregular double-contoured lines, the definition of which 
is greatly improved in synchronized roentgenograms. When a doubtful 
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area is not rendered structureless by opacity, these two factors go far to 
render superfluous lipiodol, the safety of which in cases of tuberculosis is 
questionable. This child’s tuberculin reaction was negative. A nega- 
tive tuberculin reaction, however, is by no means unknown in a case of 
indisputable pulmonary tuberculosis. 

His illness dated back to an attack of measles. This history is as 
common in bronchiectasis as it is uncommon in tuberculosis. Contrary 
to the statements made in the literature on the subject, I have found in 
children no case of pulmonary tuberculosis, the onset of which could be 
definitely referred to bronchopneumonia, whether occurring alone or as a 
complication of measles, whooping cough, or scarlet fever. On the other 
hand, the symptoms of uncomplicated bronchiectasis or bronchiectasis 
occurring in a lung, which is also the seat of chronic fibroid change other 
than tuberculosis, commonly. can be traced back to bronchopneumonia. 
It is probable that these lesions are usually diagnosed tuberculosis. 

Turning now to the childhood type of tuberculous pulmonary infiltra- 
tion, we recognize the following anatomical types. ‘The most common is 
the circumscribed, more or less spherical necrotic focus, usually sub- 
pleural (7), which undergoes caseation en bloc and usually becomes calci- 
fied and encapsulated. A lesion of this form of primary pulmonary in- 
fection can usually be recognized easily, unless lying behind the heart or 
liver or on the mediastinal or axillary wall, where it is inconspicuous, 
merging into the adjacent shadows, and it may be quite unnoticed if not 
large or heavily calcified. Its chief importance is as an index of infection. 

The most common form of childhood infiltration is made up of strands 
of unequal length and thickness which, partly because of superposition of 
shadows, appear to form an irregular, diffuse network. Unequal spots 
are commonly interspersed with the strands. This type of lesion can in 
many cases be shown to arise laterally or anteriorly or posteriorly 
from the pleura of the lower two-thirds of the pulmonary cone 
and to send its strands deep into the lung, reaching even to the hilum. 
It is the most frequently unrecognized of all types of tuberculous infil- 
tration. However, if the roentgenogram records accurately the normal, 
symmetrical arborizing trunk shadows diminishing in diameter as they 
branch out from the hilum, the irregular asymmetrical mesh of infiltra- 
tion can be recognized as distinct and separate, interspersed between the 
trunks or crossing them. [If the lesion is dense, the normal markings are 
lost in a tangled mass. Relatively rapid, synchronized, and therefore 
truly stereoscopic (8) films are desirable if the lesion is moderately dense 
and, if the lesion is faint, are often essential to a decision. 
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This lesion is chronic, and often persists for years with slight variations 
in density and extent. It may occupy half or more of the lobe without 
causing any but transitory symptoms. Réales may also be very variable. 
In other instances there may occur progressive increase of the density of 
the network, and consolidation and cavitation may follow. Even in such 
cases the child may be astonishingly well symptomatically, although 
progressive cavitation and a constantly positive sputum allow no doubt 
as to the condition. These diffuse tuberculous infiltrations of the child- 
hood type are to be differentiated from bronchiectasis and from non- 
tuberculous pulmonary fibrosis, which is usually complicated by bron- 
chiectasis. A history of exposure to sputum-positive tuberculosis and 
a strongly positive tuberculin reaction on the one hand, and, on the other, 
a history of cough following measles, bronchopneumonia, whooping cough 
or scarlet fever are characteristic. It is, perhaps, permissible to reiterate 
that I have seen no case of tuberculous infiltration which dated back 
unmistakably to bronchopneumonia, while a history of measles or other 
diseases prodromatal of bronchopneumonia is almost the rule for bron- 
chiectasis. Both cough and expectoration are more marked in cases of 
bronchiectasis than in tuberculosis without cavitation. 

Anatomically, as recorded in the roentgenogram, diffuse tuberculous 
infiltration usually has a point of origin on the pleura from which it 
spreads, and which can be found in roentgenograms made from different 
angles, while bronchiectasis is a lesion following the course of the bronchi, 
the irregularly, dilated, double-contoured lines of which can be recorded. 
Diffuse tuberculous infiltration rarely shows spots grouped just above the 
diaphragm and in the costophrenic sulcus, where the dense shadows of 
bronchiectasis occur. Associated with tuberculous infection, irregular, 
unequal, dense calcium shadows will usually be seen in the tracheo- 
bronchial nodes and one or more in the lung-field. In the cases of 
nontuberculous pulmonary fibrosis, most characteristic, in addition to 
the commonly associated bronchiectasis, are strikingly large, rounded or 
oval, homogeneous shadows in the inner third of the lung-field affected. 
These are due to dilated vessels, usually veins, axially rotated (9), or to 
radiation approximately tangential to the curve of the vessel. 

Probably the most interesting tuberculous lesion of the childhood 
type is the suddenly appearing, homogeneous density, occupying the 
whole lobe or a large part of one. Like other childhood types, it may 
occur in any part of the lung. It has shown an extraordinary variation 
of location and extent, not only in our series of cases but in those of 
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-athbun (10). This lesion appears abruptly, often with trivial unre- 
arded symptoms, and usually with transitory or negative physical signs. 
It may, however, occur accompanied by symptoms sufficient to make 
differentiation from caseous pneumonia impossible until the course 
taken by the lesion reveals its nature. 


ne child aged nine, whose father had sputum-positive tuberculosis, was ex- 
amined physically and by X-ray in December, 1926, and again on February 
‘6, 1927. The pulse and temperature were normal, the strength good, and 
physical signs and roentgenograms negative. The only symptom was a slight 
dry cough on February 26. On March 19 she returned, having continued at 
school meanwhile. Her temperature was 98, pulse 106. There was a slight 
cough and scanty expectoration, which was negative, and she complained of a 
cold for one week. Rhonchi were heard all over, front and back, and impair- 
ment of resonance and occasional crackling rales over the left lower half. 
Roentgenograms showed a homogeneous infiltration of the lower two-thirds 
of the left lung. The density reached, unbroken and opaque, to the periphery 
anteriorly, and was only slightly less opaque laterally (figs. 1 and 2). On 
March 25 her temperature was 98.6°, cough slight, expectoration absent, and 
strength fair. The child had been in bed at home for two days because we 
urged it, but she got up and was going about the rest of the week. She came 
to the dispensary because she was sent for. At this time, there were definite 
medium coarse rales over the left lower half. The area of infiltration showed, 
in the roentgenogram possibly some clearing laterally, but more anteriorly. 
The condition remained much the same on April 25, except that there was a 
slight clearing at the periphery of the lesion, both laterally and anteriorly. The 
heart shadow was, however, still entirely lost in the heavy density surrounding 
it on the left. 
Another child, whose sister-in-law had sputum-positive tuberculosis, showed a 
similar lesion, which was discovered by routine examination of the family in 
September, 1926. He gave a history of five weeks’ cough, beginning in August, 
1926. There were no physical signs. When first X-rayed, there was slightly 
less density at the periphery than at the apex of the wedge of infiltration, which, 
involving the right middle lobe, reached into the hilum shadow (fig. 3). The 
lesion was less dense at the periphery in April, 1927, but the tip of the wedge, 
reaching into the hilum shadow, was quite opaque. 


These lesions, persisting for months, and causing few or no symptoms, 
are discovered usually in routine examinations. They clear very slowly, 
the resolution beginning at the periphery. Some of the descriptions of 
“hilum tuberculosis” apparently refer to the late stage of this homogen- 
eous infiltration, and draw the inference that it is spreading out from the 


| 


430 F. MAURICE McPHEDRAN 


hilum. Actually, the lesion is clearing from the periphery, as serial 
roentgenograms will show. After many months there will often remain 
a dense, broad strand, reaching into the hilum shadow with a wide inner 
tip, like the head of a spear (fig. 4, in right hilum). Sometimes this 
strand follows a pleural plane; sometimes one or several strands run 


Fic. 1. A dense, fairly homogeneous shadow extends from the left cardiac border tothe 
axilla. It is less dense laterally than mesially in this view. 


into the hilum through areas remote from any pleural plane; but, even 
when a strand follows along the pleural plane, it is frequently observed, 
by views taken at various levels, that the density has more depth than is 
to be found due solely to interlobar pleurisy, however dense. After the 
lapse of years these strands often resolve almost completely. Sometimes, 
as noted above, ihe blocked-out type of lesion does not resolve, but 
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goes on to excavation. This may be rapid and massive, typical of the 
lesion recognized at postmortem as caseous pneumonia. 

The differentiation of such lesions from nontuberculous pneumonia 
lies (1) in association of the patient with a case of sputum-positive 


Fic. 2. Exposure was made with the patient’s right anterolateral chest-wall against the 
film. A dense uniform shadow fills the normal clear interval between the left anterior cardiac 
surface and the ribs. Its sharply defined margin reaches superiorly the sixth rib close to the 
anterior axillary line. 
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tuberculosis, an association that may be present at the time or have 
ceased from two to three years previously; (2) in an active tuberculin 
reaction; (3) in the lack of prostration and severe symptoms; (4) in the 
characteristic peripheral clearing, leaving for months an extremely per- 


Fic. 3. Dense uniform infiltration involving the posterior part of the middle lobe. Dur- 
ing seven months this shadow has been slowly clearing from the periphery. 


sistent tip or medial area, while nontuberculous pneumonia clears rapidly 
and throughout the breadth of the lesion; and (5) in the common finding 
in the hilum, the tip of the wedge of infiltration, of a calcified node, often 
after the lesion has cleared. 


3 
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The diagnosis of tuberculosis of the tracheobronchial lymph nodes 
has been discussed fully elsewhere (9). The main points, based on study 
of excised lungs and on synchronized films of the living, may be briefly 


Fic. 4. A diffuse, stringy shadow at the anterior level of the first and second interspaces 
sends converging strands to form a dense tip at the hilum. This film was made three years 
ago. The density is now lighter and narrower but still has the characteristic shown in this 
figure. 


summarized. Tuberculosis of the mediastinal or extrapulmonary lymph 
nodes can be recognized by the presence of calcareous infiltration of 
caseous necrosis. Such depositions of calcium cast distinctive shadows, 
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granular, stippled, crenated or irregularly lamellated, and may be re- 
corded even when extremely scanty, so that on section the area neither 
grits no1 feels granular when rubbed between the fingers. Caseous necro- 
sis, apart from calcium infiltration, is not roentgenographically of greater 
density than the areolar tissue and structures of the mediastinum, and it 
casts no recognizable shadow. Consequently, caseation of the medias- 
tinal lymph nodes cannot be recognized in the roentgenogram, excep! 
when the mass is so great that it projects beyond the mediastinal borders 
and so contrasts with the air-bearing parenchyma. Such massive 
caseation has been seen only in fatal infantile cases. 

The presence, extent, and intensity of D’Espine’s sign (11) in our cases 
has borne no relation to the presence of tuberculous mediastinal lymph 
nodes recognizable by calcium infiltration, even when the size of a calcium 
shadow reached 3.5 X 2.5 cm. We have, therefore, hesitated to infer 
the presence of tuberculosis of the mediastinal lymph nodes even when 
the D’Espine sign was marked. We have found it marked in children 
with negative tuberculin reactions, without contact with open tuberculo- 
sis, and without deformity which might be assigned as an additional 
explanation. We believe there are explanations other than tracheo- 
bronchial enlargement for the occurrence of D’Espine’s sign. These 
are being studied. 

Tuberculosis of the intrapulmonary lymph nodes is likewise recogniz- 
able by the shadow of calcium infiltration. The nodes most frequently 
affected lie upon the arterial main-stem crossed by the bronchial and 
venous branches, and the shadow of caseous nodes, unless calcium-bearing, 
cannot be distinguished from the shadow of the artery and of the venous 
and bronchial branches which cross it. When the area of calcium-bear- 
ing necrosis is large, a section of the uncalcified margin of the caseous 
lymph node may project beyond the arterial stem and cast a shadow in 
contrast with the parenchyma, into which it bulges. In four cases, all 
colored children, irregular and somewhat rounded densities, possibly 
caseous, have been recorded, bulging slightly into the parenchyma be- 
yond the arterial main-stem. Calcium infiltration of intrapulmonary 
lymph nodes may be recognized when extremely scanty if the roentgeno- 
graphic exposure is made in diastole. 

Those swollen oedematous lymph nodes that result from acute respira- 
tory infections cast no recognizable shadow in the films of excised lungs. 
The increased density due to swelling, like that due to caseation, is 
insufficient to add appreciably to the shadows cast by the artery and the 
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venous and bronchial branches crossing it. We have seen, in satisfac- 
torily synchronized films of patients having acute respiratory infections, 
no instance in which the presence of the latter might be inferred. Broad- 
ening and thickening of the hilum shadow are usually caused by move- 
ment of the area during exposure, but may also be the result of superposi- 
tion of a shadow cast by recent dense interlobar pleurisy. Inferences 
drawn from blurred hilum shadows are hazardous unless artifacts, espe- 
cially those due to cardiovascular movement, can be ruled out. The 
diagnosis of tracheobronchial tuberculosis, with rare exceptions, and 
these tentative, should be based on the clearly defined shadows of infil- 
trations of calcium. 

Oblique exposures (12) are essential to record slight or moderate 
calcification of the mediastinal lymph nodes (figs. 7, 8 and 9 of refer- 
ence 9). 

Tracheobronchial tuberculosis is important because it is an indication 
of severe infection. It is frequently found in association with both latent 
and clinical tuberculous infiltrations in children (2) (10). Furthermore, 
it has been observed in children in whom subsequently diffuse pulmonary 
tuberculosis has developed. When recognized alone, it should be 
regarded as a danger signal. Its significance is heightened by the 
presence of a marked tuberculin reaction. 


CONCLUSIONS 


1. It is rarely safe to regard any tuberculous pulmonary infiltration 
in a child as a scar. 

2. There is a group of basal tuberculous infiltrations in children which 
characteristically clear slowly, beginning at the periphery. The per- 
sistent density at the hilum is the basis of an impression, erroneous in 
these cases, that the lesion is spreading out from the hilum. 

3. Measles, whooping cough and bronchopneumonia are rarely fac- 
tors in the development of pulmonary tuberculosis in children, but are 
commonly causes of bronchiectasis and nontuberculous pulmonary 
fibrosis, which are often mistaken for tuberculosis. 
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THE SIGNIFICANCE OF ROENTGENOGRAPHIC HILAR 
SHADOWS IN CHILDREN 


WILLIAM E. CARROLL anp COLE B. GIBSON! 


The proper interpretation of the significance of hilar shadows in chil- 
dren assumes great importance when we consider how large a part the 
X-ray plays in the diagnosis of tuberculosis of the pulmonary hilum. 
It is unfortunate that there is so much confusion about what is, or is 
not, an abnormal hilum from a roentgenographic point of view. Hawes 
(1) very aptly described the situation in saying 


I have seen no evidence to make me believe that the X-ray men have settled 
on any standard by means of which they can differentiate the normal from 
the abnormal root shadows. On the other hand I have every reason to 
believe that each X-ray man differs from his fellow roentgenologist and is a 
law, or rather, an opinion unto himself so far as this question is concerned. 


The special Committee, appointed by the National Tuberculosis Associa- 
tion to investigate the chests of normal children, found that it was im- 
possible to define a normal chest: variations in hilar shadows, linear 
markings and calcified parenchymal foci were so extreme in perfectly 
healthy children that no norm could be established. [If it is difficult to 
define the appearance of a nonpathological hilum it is infinitely harder 
to draw the line of demarcation between appearances which should be 
considered evidence of clinical disease and those which occur in healthy 
individuals. In fact, it is generally admitted that in the great ma- 
jority of cases this should not be attempted from the X-ray films alone 
and that an opinion should be rendered only after careful consideration 
of all available data. The “roentgenologist with a tuberculosis complex” 
may be a very misleading individual. 

Much has been written about hilar shadows; most of it is not very 
helpful. Such phrases as “hilar thickening,” ‘increased hilar density,” 
“evidence of hilar calcification,” ‘diffuse infiltration,” or the bald 
statement that the hilum shadow is enlarged may mean much or little, 


1 Undercliff Sanatorium, Meriden, Connecticut. 
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whether in textbook descriptions or in the reports of roentgenologists, 
Nevertheless, there are many contributions which do much toward re- 
ducing confusion. Wessler and Jaches (2) give an excellent description 
from the roentgenologist’s standpoint and leave one with a few definite 
ideas to which to cling. The division of the chest into zones by the 
National Tuberculosis Association Committee (3) was very valuable, 
especially in setting a lateral limit within which hilar shadows should not 
be considered of abnormal extent. However, just what constitutes the 
“inner zone” is always more or less a matter of personal interpretation. 
Pancoast, Baetjer and Dunham (4) note the difficulty of defining a nor- 
mal outer boundary in healthy adults; the same thing is true in children. 
Burns and Myers (5) emphasize the value of serial roentgenograms in 
showing a persistently enlarged hilum. Felix Baum (6), in a very en- 
lightening article, calls attention to the great importance of the inter- 
space between the hilar shadow and the heart shadow. He states, “I 
consider the hilum abnormal from the anatomic-pathologic standpoint 
when the interspace becomes diminished, hazy or filled with a dense 
shadow.” He shows a number of examples in both tuberculous and 
nontuberculous conditions which illustrate the truth of his contention. 
He further states, “‘An exact description of the interspace should be given 
in every roentgen-ray diagnosis of the chest in order to avoid confusion.” 
He points out that encroachment upon the interspace, or even its com- 
plete obliteration by disease of the heart, should be borne in mind. The 
interspace is, of course, more apparent ontheright side. With the pendu- 
lous heart, so frequently associated with apical tuberculosis, the inter- 
space is clearly marked on both sides, provided hilar involvement is 
absent or of only slight degree. Such is often the case. 

In an endeavor to clarify our ideas on the subject of hilar shadows a 
careful survey was made of the last 100 children, exclusive of cases of 
frank parenchymal pulmonary tuberculosis and of bone tuberculosis, 
who entered this Sanatorium (Undercliff, Meriden). This is admittedly 
a small number. However, they represent a fair composite of the chil- 
dren of their type admitted here or found in tuberculosis clinics. Most 
of them, in fact, were admitted through tuberculosis clinics. It is our 
impression that a survey of the last 1,000 cases would not show any ap- 
preciable difference in findings. Nevertheless, because of the limited 
number, it would be well to refrain from drawing too definite conclusions. 

The children varied in age from three to fifteen years, with the great 
majority between six and twelve. The following factors were investi- 
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gated: (1) X-ray findings, with regard to increased lateral or vertical 
extent of the hilum, encroachment upon the interspace between the 
hilar shadow and the heart shadow, unusual hilar density (excluding 
definite calcification), calcified areas in the hilar region, Ghon’s foci, and 
abnormal linear markings; (2) the Mantoux reaction to intracutaneous 
tuberculin tests; (3) physical signs in the chest; (4) known exposure to 
tuberculosis; (5) state of nutrition; and (6) the occurrence of fever. 
These findings were correlated with the clinical diagnosis, which was 
made after consideration of all available data, including past history, 
present symptoms, indicated laboratory work, reports of dentist, oto- 
laryngologist, etc. 

A word may be said regarding the diagnostic standards for hilum 
tuberculosis and tuberculosis of the superficial lymph nodes. There are 
no better criteria than the minimum standards adopted by the National 
Tuberculosis Association when these are intelligently followed. They are 
too well known to be repeated here. Nevertheless, it must ever be 
remembered that the exclusion of such conditions as chronically dis- 
eased tonsils, paranasal sinusitis, postinfluenzal or postpneumonic cir- 
rhosis, bronchiectasis, Hodgkin’s disease, primary blood dyscrasias, 
simple cervical adenitis, etc., play a large part in differential diagnosis. 
That these conditions are frequently disregarded or not recognized is 
obvious from the appended table 1. 

In 12 instances we were forced to adopt the diagnosis of simple under- 
nutrition due to economic causes. By this is meant that the children 
were underweight because of lack of sufficient food. They varied from 
7 to 15 per cent below standard. All achieved normal weight 
within two or three weeks after admission and could not by any stretch 
of imagination be considered other than children in full good health: 
this in spite of the fact that 3 had been exposed to frank pulmonary 
tuberculosis, 4 had increased hilar densities, 2 had abnormal linear mark- 
ings, and 8 had positive Mantoux reactions. The 3 patients known to 
have been exposed presented no X-ray evidence except increased hilar 
density in one case only; Mantoux reactions were positive and physical 
signs negative. The patients were symptom-free. 

With these explanations table 1, listing the findings, is presented. All 
roentgenograms were stereoscopic. All were read independently by two 
observers without reference to history or physical signs. In case of 
failure to agree the films were read in consultation with a third observer, 
and the consensus of opinion was accepted. Care was taken to prevent 
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rotation of the patient while films were being exposed, in order to pre- 
clude distortion of the relations between the hilar shadows and the cen- 


TABLE 1 


HILUM 


CLINICAL DIAGNOSIS 


MORE UNDER WEIGHT 


DIAGNOSIS 


interspace 
NUTRITION 7 PER CENT OR 


TOTAL NUMBER WITH EACH 
Increased size 
Encroachment on 
Unusual density 

Calcified areas 

GHON’S FOCI 

LINEAR MARKINGS, ABNOR- 
POSITIVE MANTOUX 
PHYSICAL SIGNS IN CHEST 
KNOWN EXPOSURE 


Tuberculosis of lymph nodes, cer- 


I.s.d. 5 
Pos. 
D’Esp. 6 


Oo 


Tuberculosis of hilum and tubercu- 
losis of lymph nodes, cervical..... 
Cirrhosis, pulmonary, postpneumonic Basal 
rales, 5 
Bronchiectasis Basal 
rales, 3 
Asthma, allergic Incon- 
stant 
Tonsillitis, recurrent. 
Adenitis, cervical, nontuberculous. . 
Leukemia, aleukemic 
Hodgkin’s disease 


Leukemia, myologenous, chronic.... 
Parkinsonism, postencephalitic 
Caries, dental 
Rickets (obsolete) 
Undernutrition, economic 
No disease 
Convalescent from acute illness: 
Pneumonia 
Bronchitis, acute 
Pertussis 
Pleurisy, adhesions to diaphragm 
Empyema, pyogenic 
Pleurisy, effusion 


25/35 |44 |13 |10 |31 [83 30 |58 


tral shadow. In all instances in which such distortion seemed to be a 
factor the films were repeated until a satisfactory set was obtained. 


| 
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Tuberculosis of hilum.............. 13° 1:9.) 5: 140: 119 
15 | 2 
3 
3 
1 
3 
3 
4 
1 
| 2 
1) 1 1 
1 1 
2 1 2 
1 1 
12 4 2/8 12 
5) 1 2 3 
3} 1 
1 1 
2} 2 2 
1) 1 1 1 
100 2 


HILAR SHADOWS IN CHILDREN 441 


Under physical signs in the table 7.s.d. indicates interscapular dulness 
and Pos. D’ Esp. indicates positive D’Espine’s sign. 

Analysis of table 1 is of considerable interest. The findings in cases 
diagnosed as hilar tuberculosis, tuberculosis of the cervial lymph nodes 
or both, occurring in the same patient, are summarized in table 2. 


TABLE 2 


CLINICAL DIAGNOSIS 


INTERSPACE 


TOTAL NUMBER WITH 
EACH DIAGNOSIS 
HILUM 


SIZE INCREASED 
ENCROACHMENT ON 
UNUSUAL DENSITY 
CALCIFIED AREAS IN 
ABNORMAL LINEAR 
MAREINGS 


GHON’S FOCI 


Tuberculosis of lymph nodes, cervical 
Tuberculosis of hilum 
Tuberculosis of hilum and lymph nodes, cervical . 


Co © 
me 


co 
co 


10 


The X-ray findings, of course, occurred in all sorts of conceivable com- 
binations. Detailed analysis would be almost endless. However, in the 
23 cases of hilar tuberculosis encroachment on the interspace occurred 
sixteen times and in every instance it was accompanied by one or more 
of the other factors. 

In nontuberculous conditions the findings are summarized as in table 3. 


TABLE 3 


Nontuberculous conditions 


ENCROACHMENT ABNORMAL 
ON UNUSUAL CALCIFIED GHON’S FOCI LINEAR 


INTERSPACE MARKINGS 


SIZE 
INCREASED 


62 | 15 19 26 19 


These findings were accounted for to a large extent by such conditions 
as nontuberculous chronic pulmonary disease, Hodgkin’s disease, con- 
valescence from acute respiratory infections, etc. It is noteworthy that 
encroachment on the interspace was a rather constant factor. 

The nontuberculous conditions were further divided into nontuber- 
culous thoracic disease, and into nontuberculous nonthoracic disease. 
These findings are presented in tables 4 and 5. 
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TABLE 4 
Nontuberculous thoracic disease 


LINEAR 


GHON’S FOCI MARKINGS 
DENSITY AREAS, HILAR 


INCREASED | INTERSPACE 


13 15 17 15 


TABLE 5 
Nontuberculous, nonthoracic disease 


ENCROACHMENT LINEAR 
SIZE ON CALCIFIED | GHON’S FOCI | MARKINGS, 


INTERSPACE 


33 | 4 | | 4 


NUMBER 
INCREASED DENSITY AREAS, HILAR ABNO 


The patients with nontuberculous thoracic disease, 24 in number, re- 
quire little or no comment. The X-ray findings were explained by the 
incidence of such conditions as bronchiectasis, postinfluenzal or 
postpneumonic cirrhosis, Hodgkin’s disease, allergic asthma, and con- 
valescence from acute respiratory disease. Encroachment on the inter- 
space occurred in 15 out of 24 cases. The occurrence of Ghon’s foci in 
three cases and of hilar calcification in one could be regarded as of only 
historical interest. 

X-ray findings in the group with nontuberculous nonthoracic disease 
were relatively few, as might be expected. They usually occurred singly, 
and not in any combination to suggest that they might be of clinical 
significance. They serve to show that abnormal X-ray shadows may be 
found in the chests of children who could not be considered as having 
any thoracic disease. This conforms with the oft-repeated observation 
that in chronic disease of the upper respiratory passages there may be 
abnormal roentgenographic findings in the chest. At times the shadows 
are probably residua of past and often forgotten respiratory disease. 

In 5 patients the only diagnosis possible was No Disease. They were 
sturdy, active, well-nourished children of excellent general appearance 
and behavior, without physical signs, and entirely symptom-free. The 
X-ray findings in this group appear in table 6. 

TABLE 6 
No disease 


ENCROACHMENT LINEAR 
— ON CALCIFIED | GHon’s FOCI | MARKINGS, 


INCREASED INTERSPACE DENSITY AREAS, HILAR ABNORMAL 


2 
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4 NUMBER 
24 

NUMBER 

5 1 2 
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The findings in the small group with no disease would indicate that 
there is no absolute norm for hilar shadows in children, and that depart- 
tures from preconceived conceptions may occur in perfectly healthy 
individuals. 


CONCLUSIONS 


1. An analysis of the stereoroentgenographic findings in the last 100 
children, exclusive of those with frank parenchymal pulmonary tubercu- 
losis and bone tuberculosis, admitted to Undercliff Sanatorium is 
presented. 

2. The opinion that there is no absolute norm for the hilar shadow in 
children is corroborated. 

3. It would seem that Baum’s position, that encroachment upon the 
interspace between the hilar shadow and the heart shadow is of great 
anatomicopathological importance, is well-founded. It would be well to 
adopt his recommendation that the interspace be always carefully ex- 
amined and accurately described. Except for increased or unusual 
hilar density, encroachment upon the interspace was the most constant 
finding in both hilar tuberculosis and nontuberculous pulmonary disease. 
It almost invariably occurred in conjunction with other corroborative 
factors in cases in which a definite clinical diagnosis could be made. It 
is our general impression that it is really the most characteristic finding 
in enabling one to determine whether or not hilar shadows should be re- 
garded as of clinical significance. It is less apt to be of merely historical 
interest than is definite hilar calcification. 

4, Caution must be exercised in interpreting such findings as increased 
hilar density and abnormal linear markings. The statement that the 
hilar shadow is enlarged should be made only when one is very sure of 
his ground. 

5. There is no doubt that hilar shadows, which might be considered 
abnormal, occur in nontuberculous nonthoracic disease and also in per- 
fectly healthy individuals. 

6. Definite and final diagnoses from X-ray films alone should never 
be attempted. Due regard should be given to all available clinical data 
before an opinion is ventured. The X-ray is probably the greatest 
single agent in helping us to establish the diagnosis of hilar disease, either 
tuberculous or nontuberculous, in children, but it is by no means a way 
out for all our difficulties in diagnosis. On the other hand, in occasional 
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instances the diagnosis of hilar tuberculosis is justified, even in the 
absence of X-ray findings. 
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THE DIFFERENTIAL X-RAY DIAGNOSIS BETWEEN CLIN- 
ICAL HILUM LYMPH-NODE TUBERCULOSIS AND 
PATHOLOGICAL CHANGES IN THE PUL- 
MONARY CIRCULATION}? 


FELIX BAUM anp SOL MEBEL 


The general practitioner is inclined to suspect active tuberculosis in 
every case with a change in the density or enlargement of the shadow of 
the pulmonic hilum. In order to show that this conception is an errone- 
ous one, we must bear in mind, first, the constituents of the hilum, which 
are (1) pulmonary arteries, (2) bronchi and (3) lymph nodes and 
lymph vessels. The most important of these constituents are the pul- 
monary arteries, or, to be more exact, the blood in these arteries, which 
is the cause of the normal hilum shadow in the X-ray (1). Assmann (2), 
in his very interesting experiments on changes in the pulmonary circula- 
tion, ligated first the veins and then the arteries of the right lung in a dog. 
In this way he produced an impact blood-filling of the right lung in con- 
trast to the left lung, which was drained of the blood when it was removed 
from the animal. In the X-ray the right lung was traversed with thick 
ramified shadow-stripes, which became rarefied and slender toward the 
periphery, while the left lung showed thin parallel lines of the bronchial 
walls which were separated by their wide transparent lumina. Assmann 
further maintained that in a normal hilum the fine lines of the bronchi 
are covered by the thick shadows of the vessels, and therefore cannot be 
discerned. They show a marked outline only in pathological cases in 
which the walls of the bronchi are thickened by connective tissue or 
secretion. 

According to this interpretation, it is evident that every change in 
the pulmonary circulation which is accompanied by congestion will cause 
a greater density and enlargement of the hilum shadow. 


1From the Medical Department of the National Jewish Hospital, Denver, Colorado, and 


the Medical School, University of Colorado. 
2 Read in abstract at a symposium on Latent and Clinical Tuberculosis, at the twenty- 


third annual meeting of the National Tuberculosis Association, Indianapolis, Indiana, May 


23, 1927. 
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The well-known fascicles of Stiirtz, so called Stirizschen Strénge, are 
products of changes in the pulmonary circulation, and are not due to a 
peribronchial or perivascular tuberculous involvement of the hilum, as 
Stiirtz originally believed. 

Figure 1 shows a normal lung with a normal hilum. The shadow is 
not enlarged and there is a definite interspace between the hilum and the 
heart. 

When the X-ray reveals a greater density or an extensive enlargement 
of the hilum shadow, we must, before diagnosing the case as hilum lymph- 
node tuberculosis, decide whether this shadow is due to pulmonary lymph 
nodes, blood-vessels or thickening of the bronchial walls. The patho- 


Fic. 1.* Normat Lunc anp NormMat Hitum 
Characteristic interspace between the right hilum and heart shadow 
Fic. 2.* IsorateD Hitum LyMpH-NODE TUBERCULOSIS IN AN ADULT 
Fic. 3. CoNGENITAL PATENcY oF Ductus ARTERIOSUS BOTALLI 
The arrow points to prominent arch of pulmonary artery. The cross indicates enlarge- 
ment of the right branch of the pulmonary artery (“hilum”). Heart enlarged im toto. Hy- 
pertrophy of the right heart. 
Fic. 4. PATENT DucTus ARTERIOSUS IN A CASE OF LATENT TUBERCULOSIS 
Explanation same as in figure 3 
Fic. QUESTIONABLE CasE OF HiLum TUBERCULOSIS IN A CHILD (Contact Case) 
Fic. SAME CasSE AS FicureE 5 
During the tuberculin reaction (perihilum haziness) 
Fic. Same Case as Ficure 5 
X-ray after disappearance of tuberculin reaction 


* Figures 1 and 2 are taken from Assmann’s Rénigendiagnostik inner Krankheiten, 2 ed. 

{ Figures 5, 6 and 7 are taken from Felix Baum’s Die Tuberkulinreaktion in Réntgenbilde 
und thre diagnostische Bedeutung bei Hilusdriisentuberkulose, Beitr. z. Klin. d. Tuberk., lxiv, 
Nos. 5/6. 


logical hilum shadow, caused by the pulmonary lymph nodes, usually has 
a triangular form, with the base toward the heart shadow and the apex 
toward the interlobar fissure. The marked line is sharply contracted, 
irregular and curved, which is an evidence of confluent inflamed lymph 
nodes (figure 2), while a hilum shadow caused by the pulmonary vessels 
shows the marked line becoming more hazy. Furthermore, the inter- 
space between the hilum shadow and the heart is not present in isolated 
hilum lymph-node tuberculosis, especially in adults (1). 

Scattered, circumscribed solid spots are often found in the hilum 
shadow. The diagnosis of active tuberculosis, therefore, must be 
made not only from the hilum shadow, but in connection with clinical 
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symptoms and the history of the disease, because enlarged lymph nodes 
may be the result of other convalescent illnesses, such as influenza, 


whooping cough, pneumonia, etc. 


In the following two cases, if only the X-ray findings were considered 
they might be falsely diagnosed as active hilum lymph-node tubercu- 
losis. Clinical signs, however, revealed a definite cardiac disturbance: 


Case 1: Admitted February 3, 1925, age 7, female. The family physician, 
recommended that this case enter the National Jewish Hospital, and his diag- 
nosis was “hilum tuberculosis.” 

Appearance: Pale and frail; skin livid; lips cyanotic. Family History: 
Of no importance. Previous Medical History: Susceptible to colds, and often 
suffered with bronchitis and grippe. Present Complaints: Underweight, weak- 
ness, dizziness, night-sweats and hoarseness. 

Clinical Examination: Temperature normal; Pirquet test negative; no 
sputum; Wassermann test negative. Haemoglobin 85 per cent; erythrocytes 
4,020,000; leucocytes 19,000; neutrophiles 62, large mononuclears 3, lympho- 
cytes 34, and mast cells 1 per cent. Urine: Specific gravity 1028; traces of 
albumen which later disappeared; hyaline casts. Lungs: No abnormal physi- 
cal signs. D’Espine’s sign negative. Heart: P. M.I. in 5th is.; enlargement 
to right and left on percussion; presystolic murmur in 2nd and 3rd left inter- 
costal spaces; second pulmonic sound accentuated. 

X-ray Findings: (Figure 3). Heart dilated to right and left sides, with 
silhouette outline of the pulmonary artery in the 2nd and 3rd left intercostal 
spaces (see arrow). Outline and area of lung normal. Hilum shows exten- 
sive shadow of great density, with a winged appearance (see x), which is 
separated from the heart shadow by a small semitransparent band. 

Diagnosis: Congenital heart disease; possibly patent ductus arteriosus 
Botalli. 


Whether we are inclined to believe that the primary lesions in tubercu- 
losis in children are in the lymph nodes, as the followers of the theory of 
lymphatic infections maintain, or whether they are secondary in nature 
(e.g., Ghon’s primary affect), the fact remains that, to judge from clinical 
and X-ray examinations, the lymph nodes are the first to show active 
tuberculosis. 

Incipient tuberculosis in children is hard to detect. The bronchial 
lymph nodes do not often yield any physical signs. D’Espine’s sign 
itself, without any other symptom, is not satisfactory proof. The 
diagnosis must be made by the X-ray, in connection with the clinical 
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diagnosis and history of the disease. In some cases it might be advisable 
to use the focal tuberculin reaction for confirmation of the diagnosis 
(3) (4), as this is to be observed in the X-ray film (see figures 5, 6 and 7). 

In our case 1 the history and clinical tests were negative. The presys- 
tolic murmur in the pulmonic area and the enlargement and dilatation 
of the heart indicated a cardiac disturbance, possibly, as mentioned be- 
fore, a patent ductus arteriosus. This being the case, we may attribute 
the greater density of the hilum shadow to a vascular congestion in the 
right branch of the pulmonic artery and caused by dilatation of this 
vessel. The indication of the interspace between the hilum shadow and 
the heart, as revealed by the X-ray of this case, further substantiates 
our diagnosis. 

Often, in cases of such a nature, we may arrive at a more definite 
conclusion by taking an X-ray in an oblique dorsoventral position, in 
which the enlargement of the lymph nodes may be noticed more readily. 
But we have not thought this absolutely necessary, because, even with a 
positive result, this enlargement may be caused by previous acute 


diseases. 


The second case is of an adult, and gave us further opportunity 


to confirm his heart disease as a patency of the ductus arteriosus. By 
the fluoroscope we also succeeded in proving that the enlargement of 
the hilum was due to the congestion of the blood in the pulmonary cir- 


culation. 


Case 2: Admitted September 4, 1924, age 21, male. 

History: Complained of weakness (dating back one year); unable to resume 
regular occupation; developed cough and expectoration with greenish hue; 
intermittent chills with probable fever (?); suffered sharp pains between the 
scapulae; frequent night-sweats; no hemoptysis; lost 18 pounds. 

This patient came to the National Jewish Hospital directly from another 
sanatorium, where a diagnosis of “‘apical catarrh” had been made. Percussion 
and auscultation of the lungs brought out no definite signs of tuberculosis. 
Inspection of the cardiac area showed a marked elevation of the precardia. 
A thrill was noticeable to the left of the sternum. Percussion revealed en- 
largement to the right and to the left. Dulness was apparent on the left side 
between the 2nd and 3rd interspaces, extending about 0.5 inch from the ster- 
num in the form of acurve. In the pulmonic area there was a clear systolic 
murmur, which appeared to be somewhat louder during expiration and which 
continued over into the diastolic phase. This murmur was occasionally trans- 
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mitted to the right carotid, especially when the patient was in a reclining posi- 
tion. No abnormal sounds were found in the left scapular region. The X- 
ray (figure 4) revealed a shadowy band, visible in the upper left lobe (old 
pleurisy?). Theright hilum appeared denser and more extensive than normal, 
with scattered calcified nodules. The heart was extraordinarily dilated. 
Although not generally visible, the left auricle was distinctly marked. Super- 
imposed upon this was outlined the enlarged contour of the pulmonary artery. 

By fluoroscopic examination of this patient, the right hilum and the pul- 
monic arch were revealed pulsating in unison (not transmitted). During 
expiration and a Valsalva test a more marked pulsation in the hilum was ob- 
served, while its shadow became smaller and more dense. Upon inspiration 
the hilum expanded and the shadow appeared lighter in density. 


We believe that case 2 was one of patent ductus arteriosus. The 
dulness in the pulmonic area and thesystolic murmur, heard best between 
the second and third ribs, supported this diagnosis of congenital heart 
trouble. The accentuation of the second pulmonic sound and the trans- 
mission of the murmur to the carotid (the right one, in this instance), 
enabled us to differentiate between a patent ductus arteriosus and a 
congenital stenosis of the pulmonary artery at the orifice, with dilata- 


tion of the trunk. 

In cases of pulmonary stenosis we generally notice a diminution of the 
second sound. Nothing in the information obtained, relative to a cyan- 
otic condition during infancy and the absence of the usual clubbed-finger 
manifestation, could strengthen the idea of an arterial stenosis. 

However, as there were on record a few cases of a diagnosis of patent 
ductus arteriosus made under similar conditions, which finally proved at 
autopsy to be cases of arterial stenosis, we were urged to try other tests. 

Reasoning from the standpoint that in the newborn infant the aortic 
is six times greater than the pulmonic pressure, the natural supposition 
would be that the flow is directed from the former to the latter. In 
contending that this case was one of patent ductus arteriosus and that 
the blood-current follows such a course, we ran counter to the beliefs 
of Frumberg and others, that the circulation continues the same as in the 
foetus, in which the blood-stream courses from the pulmonary artery to 
the aorta. 

We base our opinion, counter to Frumberg’s theory, upon the greater 
tone and the systolic murmur during expiration, and also upon the re- 
sults of the Valsalva test. If Frumberg’s theory were correct, then the 
murmur should be more audible upon inspiration, because the blood- 
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content of the lung is greater at that time (the inspiratory period holding 
one-twelfth and the expiratory period one-eighteenth of the whole quan- 
tity of blood in the body). However, by clinical investigation we found 
that the sound is far greater during expiration. 

As a consequence of this patency of the ductus arteriosus the lungs 
must contain a greater supply of oxygenated blood. This extra amount 
of purified blood is forced into the lungs from the aorta. We tried to 
prove this by determining the oxygen and carbon-dioxide tension of the 
blood-mixture in the pulmonary circulation, by applying the alveolar- 
air test as a standard measurement of this mixture. In this test we 
used Haldane’s method, which consists in estimating the partial pressure 
of the gases (O and CO) in the last portion of the expired air of a forcible 
expiration. We made five tests in all, three of samples taken at the 
time of hearing the presystolic murmur in the pulmonic area. The 


results are as follows: 
1: Taken 3 p.m. (after resting two hours) 67, COz2 = 3.61 
2: Taken 3 p.m. (after resting two hours) 
3: Taken soon after the 2nd 
4: Taken after exercising 


17. 
14. 
13. 
12. 


00, COz2 = 6.93 


The alveolar-air pressure of a normal person is between 12 and 16 per cent. 
Our patient was abnormal only in the first and second tests. Not con- 
sidering the third and fourth tests on account of the exertion, the fifth 
still proved normal. Perhaps we should consider the tension of the alveo- 
lar-air test in proportion to gaseous pressure in the arterial and venous 
blood of a person. In such an event, we must first examine the samples 
of the latter, and also a sample of the alveolar-air test, and compare their 
ratio as between what obtains in a normal person and the patient. We 
are now proceeding to determine this ratio. 

We sought still further a more concrete explanation to account for 
the more pronounced murmur during expiration, and looked to Starling 
for an authoritative delineation of normal pulmonic manifestation. 
According to this author, the intrathoracic negative pressure during 
inspiration dilates the pulmonic vessels and capillaries, which, in turn, 
accommodate the increase of blood. Up to the point of maximum 


3 Many of Brauer’s followers, who do not believe in the existence of a negative pressure 
in an intact pleural cavity, do not admit that large vessels in the mediastinal space are under 
negative pressure. 
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resiliency of these vessels, the blood-flow to the left ventricle is of low 
intensity and the consequence of this is a lower arterial pressure. Only 
upon the very end of inspiration, when the vessels are on the verge of 
contraction, does the arterial pressure rise. This phase marks the be- 
ginning of expiration. We tested the pressure in the inspiratory period, 
and actually found a lower pressure in each case. The rise in arterial 
force during expiration, a phenomenon which coincides with physiological 
facts, could be taken, in our opinion, as adequate proof that this is the 
causative factor in amplifying the second pulmonic sound. 

These observations were substantiated by fluoroscopy. The pulmonic 
arch was much distended at the beginning of expiration and pulsated in 
unison with the descending aorta. What evidence of clinical hilum 
lymph-node tuberculosis have we in this case? As we have seen, physical 
examination of the lungs yielded no evidence of active tuberculosis. The 
only factors upon which such a diagnosis might have been established were 
the denser and wider hilum shadows and the calcified nodules: However, 
when we take into consideration the clear apices, and when we bear in 
mind the rarity of an incipient isolated hilum lymph-node tuberculosis 
in the adult, we can safely afford to eliminate tuberculosis from our 
sphere of possibilities. On the other hand, it is our belief that a patent 
ductus arteriosus would be responsible for the changes observed in the 
X-ray. 

We may regard these hilum shadows as the results of the extra amount 
of blood in the vessels, which is due to patency of ductus arteriosus. 
At the beginning of each expiration the vessels become contracted, but 
at the same time, as mentioned before, there is an increase in the amount 
of blood. ‘This fact explains the shortening and greater density of the 
hilum shadows, as was fluoroscopically seen at the beginning of expira- 
tion. Wedonot attribute this shortening and greater density to a patho- 
logical change in the bronchial walls, which appeared clearer and shorter 
in outline during the period of expiration, when the air was forced from 
the lungs. In such a case we must expect this same density of shadow 
during the whole period of expiration. Fluoroscopically, the greater 
density was visible only at the beginning of expiration, but at the end the 
latter became brighter. Therefore, we can conclude that the changes in 
the densities are due to the amount of blood in the pulmonary vessels. 
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SUMMARY AND CONCLUSIONS 


1. The differential X-ray diagnosis between active “tuberculosis of 
the hilum lymph nodes” and disturbances in the pulmonary circulation 
that cause a change in the normal hilum, is of the greatest difficulty. 

2. The differentiation might be based on the following: 

a. In hilum lymph-node tuberculosis the demarcation is sharper, 
irregular and curved, showing the confluence of several enlarged, medul- 
lary swollen lymph nodes of the pulmonic root. In doubtful cases an 
oblique dorsoventral X-ray picture might be necessary to detect the 
affected lymph nodes in the posterior mediastinum. 

b. When the disturbances of the pulmonary circulation are caused 
by patency of ductus arteriosus Botalli, a pulsation of the hilum shadow 
is noticed, fluoroscopically, in unison with the pulsation of the pulmon- 
ary artery. In our cases we may eliminate a hilum shadow caused by 
the thickening of the bronchial walls. The density of the hilum shadow 
in cases of patent ductus arteriosus is increased at the beginning and 
decreased at the end of expiration. 
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STUDIES ON TUBERCULOSIS IN INFANCY AND 
CHILDHOOD! 


XIII. FURTHER OBSERVATIONS ON TUBERCULOUS INFECTION 
AND CALCIFICATION OF THE HILUM LYMPH NODES? 


C. RAYMOND BITTER anp J. A. MYERS 


Among 1,772 children examined in the Out-Patient Department of the 
Lymanhurst School for Tuberculous Children, the stereoscopic X-ray 
plates showed, as interpreted by the examiner, that in 1,077 children 
evidence of calcification was present. This is approximately 60 per cent 
of the total number of cases. Of this number 74 per cent revealed 
the presence of slight calcification and 23 per cent showed moderate 
amounts of calcification, while only 2 per cent presented evidence of 
marked calcification (fig. 1). 

Of the total number showing evidence of calcification of the hilum 
lymph nodes (table 1) 56 per cent reacted positively to the Pirquet test. 
Grouped according to the amount of calcification, it was found that 53 
per cent showing slight calcification, 65 per cent moderate calcification 
and 60 per cent marked calcification, reacted positively to the Pirquet 
test. 

In analyzing the incidence curves of exposure to tuberculosis and 
calcification (fig. 2) we find that they run very nearly parallel, the earlier 
ages showing a lower percentage of calcification, probably not due to 
the fact that a less number of the early age period are not exposed to 
infection nor that there is a smaller number examined in this particular 
group, but that our examinations do not always detect calcification. 
However, much light may be thrown upon this point by autopsy studies. 

In 1925 a group of 1,412 cases examined in the Out-Patient Department 
of the Lymanhurst School was reported. In that group 1,024 cases 
showed evidence of calcification in the region of the pulmonary hilum. 


1 From the Lymanhurst School for Tuberculous Children, Minneapolis, and the Depart- 
ments of Internal Medicine and Preventive Medicine, University of Minnesota. 

? This study was carried out with the aid of a grant from the Research Fund of the Uni- 
versity of Minnesota. 
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In 70 per cent of them the calcification was slight, in 29 per cent 
moderate, and in 1 per cent marked. It is interesting to note how 
closely the incidence of calcification in that group corresponds with that 
in the group we are now reporting. 

However, from the standpoint of cutaneous tuberculin reactions, 
among the 1,024 cases previously reported only 45 per cent reacted 
positively, as compared with 56 per cent in the present group of 1,077 
cases. The 55 per cent of negative cases in one group and 44 per cent 
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Fic. 1. RELATION OF PrRQUET REACTIONS TO CALCIFICATION OF THE Hitum LympH NODES 


of negative cases in the other group may be accounted for either on 
the ground that the calcification is due to some healed inflammatory 
condition of a nontuberculous nature, to tuberculous involvement which 
has completely died out or to error in interpretation of shadows. Krause 
has brought forward the evidence to suggest that tuberculous infections 
may die out so completely as to leave no evidence of their former exist- 
ence even by cutaneous tuberculin tests (Pirquet). 


| 


TABLE 1 
Relation of calcified hilum lymph nodes to history of exposure and to reaction of the Pirquet Test 
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STUDIES ON TUBERCULOSIS IN INFANCY AND 
CHILDHOOD! 


XIV. FURTHER OBSERVATIONS ON THE PRIMARY FOCUS IN 
THE LUNG? 


J. A. MYERS anp C. RAYMOND BITTER 


Of the 1,772 cases examined in the Out-Patient Department of the 
Lymanhurst School for Tuberculous Children, 83* showed primary tu- 
berculous lesions, as interpreted by stereoscopic X-ray examinations. 
This is about 4.7 per cent of the total number of children examined. In 
an analysis of these 83 cases, 62, or 74.7 per cent, had definite histories 
of exposure, while the remaining 21 gave questionable or negative his- 
tories of exposure. 

Of this same group of 83 children, 68, or 82 per cent, reacted positively 
to the Pirquet test, as compared to 48.3 per cent reacting positively in 
the entire group of 1,772 cases. The distribution in the location of the 
primary lesion (fig. 1), as it is found in the various lobes, agrees with the 
distribution found by Ghon, Opie, and Wollstein and Spence, in their 


autopsy studies, in that the primary foci were most commonly found in 
the right upper lobe, a smaller number in the left upper and lower lobes, 
and a slightly smaller number in the right lower lobe, the right middle 
lobe containing the smallest number. ‘The locations noted by the several 
observers may be tabulated as follows: 


WOLLSTEIN 
AND 


SPENCE 


17 
16 
16 
13 
11 


Right upper lobe 
Left upper lobe 
Left lower lobe 
Right lower lobe 
Right middle lobe 


Total studied 29 73 


1 From the Lymanhurst School for Tuberculous Children, Minneapolis, and the Depart- 
ments of Preventive Medicine and Internal Medicine, University of Minnesota. 
2 This study was carried out with the aid of a grant from the Research Fund of the Univer- 


sity of Minnesota. 
8 We have omitted probable or suspected primary lesions of which there were 18 divided 


as follows: Right upper lobe 5, right lower lobe 7, left upper lobe 3, and left lower lobe 3. 
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We find in further analysis that a diagnosis of suspected tuberculosis 
had been made in 26 cases and, of juvenile tuberculosis, in 13 children of 
our group of 83. This fact may account for assuming that a large pro- 
portion, in this case over 55 per cent of the children, may show primary 
tuberculous lesions and yet appear otherwise normal. 

In 1925 a group of 1,412 cases examined at the Out-Patient Depart- 
ment of the Lymanhurst School was reported. In that group 234 showed 
shadows in the lungs which roentgenologists interpreted as primary 
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foci of tuberculosis. Among these cases 152, or 65.5 per cent, gave defi- 

‘ nite histories of exposure, while 145, or 62.5 per cent, reacted positively 
to the cutaneous tuberculin test. Thus it is seen that in the group pre- 
viously reported there was a higher incidence of primary foci but a lower 
percentage of histories of definite exposure and reactions to the cutaneous 
tuberculin test. The location of the lesion differs considerably in the 
two groups, being more commonly found in the basal lobes in the pre- 
vious group and in the upper lobes in the present group. 
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MALNUTRITION IN CHILDHOOD AND TUBERCULOUS 
INFECTION!:2 


H. W. HETHERINGTON 


A variety of clinical symptoms and signs has been described in associa- 
tion with the latent or masked form of tuberculous infection which occurs 
frequently in childhood. Among the symptoms so described are ‘‘colds” 
of head and chest, hoarseness, cough, expectoration, anorexia, fatigue, 
malnutrition, asthenia, anaemia and fever, and among the physical 
signs parasternal or paravertebral dulness, vesiculobronchial breathing 
in certain areas, and D’Espine’s sign. 

They may be grouped under four headings: 


1: Symptoms of upper respiratory infection, namely, frequent colds, hoarse- 
ness and cough, sometimes with expectoration, are evidence, in most instances, 
of catarrhal inflammation, perhaps spreading from some area of focal infection. 
They are no more indicative of tuberculosis in the child than in the adult. 


2: Physical signs, including D’Espine’s sign, paravertebral and parasternal 
dulness, and vesiculobronchial breathing in the interscapular region may be 
found in normal children. In the report of the study of the chests of normal 
children delivered to the National Tuberculosis Association (1) the following 


opinion is expressed: 


D’Espine’s sign, as indicative of enlarged tracheobronchial lymph nodes is, to say the least, 
of doubtful value The determination of a diminution of resonance in the interscapular 
region requires such a nicety of technique that even masters of percussion disagree as to the 
presence or absence of significant findings in this region of the chest. 


And finally: 


Exaggerated bronchovesicular breathing, especially well heard in the areas overlying the great 
bronchi (that is, anteriorly, at the level of the first interspace and second rib, just lateral to 
the sternal margin and posteriorly, especially on the right side at the level of the second to 
fourth dorsal spine), is often incorrectly interpreted as evidence of pulmonary disease. 


3: Fever, indicated by a slight abnormal elevation of temperature is an 
uncertain guide in children, for the heat-regulating mechanism is either incom- 


1 From the Henry Phipps Institute, University of Pennsylvania, Philadelphia. 
2 Based on observations made during an investigation of tuberculosis in school children, 
conducted with the aid of a grant from the Metropolitan Life Insurance Company. 
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pletely developed or extremely sensitive, so that trivial and obscure causes. 


may produce fever. 
4; Malnutrition, accompanied by asthenia, anaemia and fatigue after slight 
exertion, is usually caused by insufficient nourishment, poor hygiene and 


chronic infections. 


Nelson, Edward and Myers (2), in an analysis of 2,000 school children 
in Minneapolis, found malnutrition in 26 per cent. They believe 
that the three outstanding causes are poverty, ignorance and disease. 
They say, “There is no doubt that disease plays a considerable réle in 
our group of malnourished children, since many of them presented 
foci of infection about the teeth and tonsils.”” Emerson (3) gives a list 
of seven conditions, which he has in turn regarded as primary causes of 
malnutrition, only to discard or relegate them to positions of secondary 
importance. Tuberculosis occupies the sixth place on the list. Refer- 
ring to children with malnutrition, he says, “The proportion of positive 
von Pirquet tests was about the same as that found among children not 
suffering from malnutrition. Those children whom we thought might 
be tubercular gained in weight as fast as the others when the real cause 
of their underweight was finally determined.” 

Cooke and Hempelmann (4) state that they based their diagnosis of 
“masked” tuberculosis primarily upon clinical examination and the 
symptoms and signs mentioned above. It is noteworthy that in 57 out 
of 131 children a history of contact with clinical tuberculosis was ob- 
tained. In all but seven, there were positive Pirquet or intracutaneous 
reactions to 0.1 mgm. of Old Tuberculin. Three of the seven were 
convalescents from one of the exanthemata, and the remaining four did 
not have intracutaneous tests. It seems probable that a secondary 
basis for the diagnosis was tuberculin sensitiveness, for it is extremely 
improbable that any unselected group of children, even though exhibiting 
the diagnostic symptoms and signs described, would yield such a high 
percentage of positive tuberculin reactions. Many children with a like 
clinical picture give negative results to tuberculin tests and X-ray 
examinations. 

Hawes (5) gives a place to constitutional symptoms among his points 
for diagnosis of juvenile tuberculosis, but he does not consider them equal 
in importance to family history, positive tuberculin reaction or X-ray 
examination. He says that there may be other causes for constitutional 
symptoms and his fifth point is the elimination of such possibilities. 
“Juvenile tuberculosis” includes manifest as well as latent disease, and 
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there is no reason that the usual symptoms of clinical tuberculosis should 
not occur when latent infection has become clinical disease. 

Eberson (6) selected a group of children with latent tuberculosis by 
correlating clinical history, physical examination, X-ray study and tu- 
berculin tests. All the children had been exposed to clinical tuberculosis. 
He describes a group of symptoms accompanying latent tuberculosis, 
but emphasizes their variability and notes their absence in some in- 
stances. 

On the one hand, some children with symptoms attributed to latent 
tuberculosis are free from tuberculosis, and on the other hand apparently 
healthy children may have latent tuberculosis which can be demonstrated 
to be active and progressive by X-ray, and which finally becomes mani- 
fest. This symptom-free group is apt to be overlooked by investigators 
working in chest and nutritional clinics to which patients come because 
of ill health. 

There are two means by which the existence of latent tuberculosis can 
be clearly shown: (1) A positive tuberculin reaction means infection with 
tubercle bacilli, and a negative tuberculin reaction, with few exceptions, 
indicates the absence of infection. The occasional failure of the tuber- 
culin reaction in the presence of tuberculosis is of relatively little 
importance. (2) Roentgenological demonstration of caseous or calcified 
nodules of lungs or tracheobronchial lymph nodes is again, with 
few if any exceptions, evidence of tuberculous infection (Opie and 
McPhedran (7)). These lesions are recognized by their characteristic 
appearance in X-ray films. They should not be confused with the round 
homogeneous shadows (3 to 5 mm. in diameter) seen in the hilum region 
in almost every film of the chest and even in films of young infants, for 
these are blood-vessels axial to the ray. Pathological densities in the 
lung or tracheobronchial lymph nodes are irregular, with granular or 
mulberry-like appearance, and are visible in films taken at various angles 
(McPhedran (8)). 

During the past two years a tuberculosis survey of the children of three 
Philadelphia public schools has been undertaken by the Henry Phipps 
Institute. Approximately 60 per cent of the children examined were 
colored. Tuberculin tests were made by injection of 0.01 cc. of Old 
Tuberculin into the dermis; if the reaction was negative at the end 
of 48 hours a second injection of 0.1 mgm. was made. If the reac- 
tion was again negative after 48 hours a third injection of 1 mgm. 
was made (Opie and McPhedran (7)). The reaction was considered 
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positive if an area of redness 10 mm. or more, accompanied by oedema, 
developed in response to the injection of 1.0 mgm. of Old Tuberculin. 
Failure to react thus to 1.0 mgm. was designated negative, and considered 
as a lack of sensitiveness to tuberculin. The weight of the child was 
compared with the normal weight as determined by the tables of Dr. 
Bird T. Baldwin and Dr. Thomas D. Wood (9). 

Examinations were made of 1,999 children between the ages of 5 to 16 
years inclusive. They have been divided into (1) children who were nor- 


TABLE 1 


NEGATIVE TO TUBERCULIN|POSITIVE TO TUBERCULIN 


NUTRITION 
Number Per cent Number Per cent 


Normal or overweight 1270 348 27.4 922 72.6 
Underweight 729 208 28.5 521 71.5 


TABLE 2 


CHILDREN TESTED WITH TUBERCULIN CHILDREN ONE-TENTH UNDERWEIGHT 


Percentage positive 


Total Percentage positive 
to tuberculin 


number to tuberculin Number 


73 35.5 
120 45.8 
145 53.1 
221 68.3 
185 67.0 
229 72.9 
214 75.7 76.9 
225 83.5 83.8 
237 83.1 ; 86.0 
172 89.5 90.0 
103 93 .2 83.3 


mal in weight or were overweight, and (2) children who were underweight. 
The number and percentage of each group positive and negative to tu- 
berculin are shown in table 1. 

If latent tuberculosis were a factor in the production of underweight, 
underweight children would give a larger proportion of positive tuber- 
culin reactions than overweight children. Of the normal or overweight 
group, 72.6 per cent, and of the underweight group, 71.5 per cent, reacted 
to tuberculin. Positive tuberculin reactions are not more frequent in 
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underweight children than in others, and latent tuberculosis is evidently 
seldom, if ever, the cause of underweight in children with malnutrition. 

In table 1 the dividing line between the groups is the calculated normal 
weight. Table 2 contrasts the percentage of positive tuberculin tests in 
the total number of children of each age with the percentage of positive 
tuberculin reactions in children of the same age who were 10 per cent or 
more underweight. 

The percentage of positive tuberculin reactions at each age is practi- 
cally the same in children with malnutrition and in the general child- 
hood population. There is no evidence that latent tuberculosis is a 
factor in the production of malnutrition. 

The proportion of children 10 per cent underweight in the younger 
years, namely, at the ages of 5, 6 and 7, is considerably less than that 
found in older children, ranging from 8 to 15 years. The factors produc- 
ing malnutrition make their influence felt by the age of 8, and after this 
few, if any, new instances of faulty nutrition appear. 

Sensitiveness to tuberculin makes its appearance during the same 
period in the child’s life as malnutrition, and I am tempted to connect 
the two as cause and effect. However, the incidence of malnutrition 
(10 per cent underweight) remains constant at about 12 per cent from 
the age of 8 years onward, while sensitiveness to tuberculin continues to 
increase. Latent tuberculous lesions, demonstrated roentgenologically, 
increase between the ages of 8 and 15 without a corresponding increase 
in malnutrition. 

In most instances a positive tuberculin reaction is the only indication 
of the existence of latent tuberculosis. Not infrequently tuberculous 
pulmonary nodules can be demonstrated by roentgenological examination 
but they have little significance. Tracheobronchial lesions are recog- 
nizable only when the infection has been intense and prolonged (Opie 
and McPhedran (7)). 

During the past year 411 pupils in two schools have had roentgeno- 
logical examinations of the chest. Of these, 307 children from one school, 
were given roentgenological examinations without selection. The re- 
maining 104 from the other school were selected for examination because 
they gave decidedly positive tuberculin reactions or were underweight. 
In consequence, the group contains a somewhat higher proportion of 
underweight children than the general population. A diagnosis of 
latent tuberculosis was made only when the lesion was sharply defined. 
Since satisfactory X-ray films are more difficult to obtain with obese 
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subjects, failure to demonstrate existing lesions is probably more fre- 
quent in overweight children. 

Table 3 shows the relationship between the weight and lesions of 
latent tuberculosis shown by roentgenological examination. The chil- 
dren are divided as in table 1 into (1) normal or overweight, and (2) 
underweight. 

Demonstrable tracheobronchial tuberculosis is more frequent in under- 
weight children (12.0 per cent) than in others (8.2 per cent). Tracheo- 
bronchial tuberculosis may produce underweight in some instances, or 


TABLE 3 


RESULT OF ROENTGENOLOGICAL EXAMINATION 


Number [Per cent Number | Per cent | Number | Per cent 


Normal or overweight........ : 169 | 77.1 32 14.6 18 8.2 
Underweight 140 | 72.9 29 15.4 23 12.0 


TABLE 4 


RESULT OF ROENTGENOLOGICAL EXAMINATION 


PERCENTAGE OF THE NORMAL 


WEIGHT FOR A GIVEN HEIGHT : ulm Tracheobronchial 
AND AGE Pulmenssy nodule tuberculosis 


Number | Percent | Number | Percent | Number | Percent 


120 or more 34 85.0 5 22. 2. 
100 to 120 135 75.4 27 15. 9. 
95 to 99 54 67.5 14 17. i 
90 to 94 51 11 15; 
89 or less 35 85.4 4 4, 


underweight children are perhaps less resistant than others to disease in 
general. 

Table 4 shows the relationship between the inciderice of tracheobron- 
chial lesions and the degree of underweight. The same children are 
divided into groups based upon the state of nutrition, which is recorded 
as a percentage of the normal for children of a given height and age. 

If tracheobronchial tuberculosis were a cause of underweight the pro- 
portion of children with lesions would increase with increasing degrees 
of underweight. Children of the group in which the highest percentage 
of tracheobronchial lesions is found are less than 5 per cent below the 
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calculated normal. The lowest percentage of discoverable lesions oc- 
curred in children who were more than 10 per cent underweight. 
Children 5 per cent or less underweight are not suffering from malnu- 
trition in the generally accepted sense of the word, and, if this group be 
considered to have normal nutrition, no relationship between tracheo- 
bronchial tuberculosis and malnutrition is found. Of the 41 instances 
of tracheobronchial tuberculosis, 11, or 26.8 per cent, were found in 
children more than 5 per cent underweight, while of the total 411 children 
examined, 112, or 27.2 per cent, were more than 5 per cent underweight. 

In table 5 is a list of the 41 children with tracheobronchial tubercu- 
losis. Of these 18, or 43.9 per cent, are well nourished, 15, or 36.6 per 


TABLE 5 
Children with tracheobronchial tuberculosis 


NUTRITION CASE NUTRITION NUTRITION 


per cent per cent per cent 
137 101 95 
114 
113 
110 
109 
108 
108 
107 
107 
106 
106 
106 
105 
103 


SPR RYH 
Pod 


MOR 

oes 


G. 
Ss. 
P. 
G. 
S. 
I. 
A. 
H. 
I. 
. M. 
. E. 
.S. 
. Ss. 


cent, are underweight (7 per cent or less), and 8, or 19.5 per cent, are 
more than 7 per cent underweight. 

As long as the diagnosis of tracheobronchial tuberculosis rests upon 
malnutrition, with its attendant symptoms and signs, its occurrence will 
be frequently undiscovered, and as long as the diagnosis of latent tuber- 
culosis is based upon evidence of malnutrition, unsubstantiated by 
tuberculin tests and especially by roentgenological examination, the 
diagnosis will often be incorrect. Two bad results may follow: (1) 
The child may be sent to an institution, where contact with open tuber- 
culosis is established, and (2) the true cause or causes of the malnutrition 
may be overlooked or ignored. 
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Ten cases of latent apical tuberculosis were found in school children 
during the past two years. Physical examination of the chest in each 
instance failed to reveal evidence of abnormality. Table 6 shows age, 
sensitiveness to tuberculin, relation of weight to normal, site of infiltra- 
tion demonstrated roentgenologically, and type of disease in each child. 

Three children with latent apical tuberculosis were well nourished, 
three underweight (less than 5 per cent), and the remaining four were 
more than 5 per cent underweight. Inferences from so small a number 
of subjects are of doubtful value, but it is probable that latent apical 
lesions may remain so inactive that they do not produce loss of weight 


TABLE 6 
Children of school age with latent apical tuberculosis 


TUBERCULIN SITE OF 
REACTION MOERIEION INFILTRATION 


mgm. O. T. per cent 
++ to0.01 106 Left apex 
+ to0.1 103 Right apex 
++ to0.01 103 Left apex 
+ to0.01 98 Left apex 
++ to0.1 98 Left apex 
++ to0.01 97 Both apices 
+ to0.01 OF Right apex 
+ to0.01 88 Right apex 
+ to0.01 88 Right apex 
+ to0.01 84 Right apex 


* This child died of pulmonary tuberculosis 16 months later. 


or other symptoms. When they progress, all the symptoms of clinical 
tuberculosis may appear, as has already happened in one of the cases 
cited above. 


CONCLUSIONS 


1. Weight below normal is not more frequently found in children in 
whom latent tuberculous infection is shown by sensitiveness to tuberculin 
than in those who give no skin reaction. 

2. There is no evidence of underweight in children with latent tuber- 
culous nodules of the lungs demonstrated by roentgenograms. 

3. In children 1 to 5 per cent underweight latent tuberculosis of 
tracheobronchial lymph nodes is more common than in other children. 
Tracheobronchial tuberculosis is seldom associated with greater loss of 
weight, and is probably not its cause. 
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4, A small group of cases indicates that latent apical tuberculosis of 
adolescence in some instances causes moderate loss of weight, but the 
lesion may occur with no loss of weight. 

5. Underweight has little if any value in the diagnosis of latent tuber- 
culous infection. 
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LATENT TUBERCULOSIS IN CHILDREN?! 
EUGENE L. OPIE 


Better knowledge of the widespread tuberculosis of healthy people has 
shown that concealed infection not infrequently develops into manifest 
disease. Latent tuberculosis has long been known, and its extensive dis- 
tribution in the body fully recognized; increased resistance, as the result 
of early infection, has been much discussed, but the potential danger of 
concealed disease has been in large part overlooked. 

I shall consider phases of the subject which are still controversial. 
There is indeed great difference of opinion concerning the means by which 
latent disease is revealed, and regarding its significance when discovered. 
There is furthermore no unanimity concerning definition or nomenclature. 

I shall define latent tuberculosis as tuberculosis unaccompanied by 
significant symptoms or by physical signs. It is recognizable after death 
by the discovery of characteristic tuberculous lesions, and during life by 
the tuberculin test and by roentgenological examination. In many cases 
it is a trivial infection, and by increasing resistance it is beneficial, but 
in others it is a potential source of clinically manifest disease. 

Latent tuberculosis is mentioned by many of the older writers. Laen- 
nec and Louis describe latent phthisis which they define as pulmonary 
tuberculosis not recognizable during life. The frequent occurrence of 
tuberculous infection among those who have exhibited no evidence of 
tuberculosis was first demonstrated by Naegeli in 1900. His statement 
that 97 per cent of those who die from all causes contain in their bodies 
evidence of tuberculous infection received at first little credence, but 
the subsequent studies of Burkhardt and others show that adult in- 
habitants of European and American cities, with few exceptions, ex- 
hibit at autopsy either progressive tuberculosis or the scars of an old 
infection. The studies of Ghon, based on a large number of observa- 
tions, demonstrated the occurrence of healing and healed tuberculous 


1 From the Henry Phipps Institute, University of Pennsylvania, Philadelphia. 

2 Presented at a session on The Relation of Latent to Clinical Tuberculosis before the Clinical 
Section at the twenty-third annual meeting of the National Tuberculosis Association, 
Indianapolis, Indiana, May 25, 1927. 
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lesions in the lungs and tracheobronchial lymph nodes of children. It 
was noted by many observers, such as Orth in Europe and Welch in this 
country, that the tuberculosis of children has the character of tubercu- 
losis in a freshly infected animal, whereas a disease resembling phthisis 
of adults cannot be reproduced in animals by the usual method of inocu- 
lation. Reinfection of animals produces a lesion with much closer re- 
semblance to phthisis. By means of roentgenograms, prepared from 
lungs removed from the body after death, I have shown that lesions 
with the characters of a first infection are invariably associated with, and 
doubtless preceded the apical tuberculosis of adults. Occasionally this 
first infection has occurred by way of the gastrointestinal tract, and the 
scars of old lesions are found in the mesenteric lymph nodes. 

Since much confusion has arisen from misunderstood terminology the 
nomenclature of hidden tuberculous infection may be discussed. The 
word latent has been applied to tuberculosis by the older writers on the 
subject with the meaning still in use. Laennec says, ““The disease may be 
entirely latent, that is to say, without cough and without expectoration, 
at least notable, and without other accidents which the patient recalls.” 
Louis in his book on phthisis has described six instances of “latent 
phthisis” in which the disease remained without distinctive symptoms 
for a long period, and finally manifested itself by cavity formation. 
In one of these instances the disease, previously unsuspected, was 
discovered after death. Louis showed that a lesion may be active even 
though latent. 

There has been some objection to the word Jatent when applied to pro- 
gressive lesions which ultimately produce manifest disease. It is said 
that the term implies that the disease is arrested, obsolescent or healed. 
Customary usage of the word in medical literature and elsewhere does 
not suggest that latent disease is necessarily arrested. For example, in 
the phrase “the latent period of infectious disease,” “latent” means, as 
I understand it, hidden, concealed, not apparent or manifested, and is 
accurately applied to lesions which are incipient and progressively active 
provided they are not manifest. A lesion which has the histological 
characters of early progressive tuberculosis, and contains living tubercle 
bacilli may be hidden or latent. For the sake of clearness, it may be 
added here that a disease ,the activity of which is demonstrable by symp- 
toms and physical signs, is obviously manifest. None of the terms 
which have been offered as substitutes for latent, such as masked, occult, 
etc., avoids any of the difficulties which have been raised. Latent has 
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the sanction of long-accepted custom, and is perhaps too firmly estab- 
lished to be dislodged. 

In the discussion of latent tuberculosis it is obviously undesirable to 
assume that vague symptoms of neurosis, or evidence of disturbed diges- 
tion may be used to establish a diagnosis of “occult” or ‘‘concealed” 
tuberculous infection. 

We often hear the statement that ‘‘tuberculous infection may become 
clinical disease” but the inclusive nature of the word infection precludes 
its use as a substitute for latent infection. 

Recognition of the difference between tuberculosis of childhood and 
of adult life is the key to an understanding of the pathology of the dis- 
ease. From both the clinical and pathological standpoint spread of the 
disease from a primary focus of infection to adjacent lymph nodes is the 
outstanding feature of tuberculosis of infancy and early childhood. 
Often it continues to progress for a time by way of lymphatics 
and later by the blood-stream, so that general dissemination is fol- 
lowed by tuberculous meningitis. In early infancy general dissemination 
almost invariably occurs, but there is more resistance during the 
second half of the first year. With increasing frequency, as age pro- 
gresses, tuberculosis is arrested within the nearest lymph nodes, encap- 
sulation occurs, and finally the caseous centre of the lesion undergoes 
calcification. During the period in which there is an uncertain balance 
between extension and recovery, unfavorable hygienic conditions, we 
can scarcely doubt, may decide in one direction or the other. Herein 
lies the gravity of latent tuberculosis, including, as it does, active 
progressive lesions with the potentiality of fatal disease on the one hand, 
and, on the other, healing or healed lesions which have passed the period 
of danger. We have as yet no pathognomonic sign which will distinguish 
progressive from obsolescent disease, but accumulating evidence gives 
promise that latent infection which threatens the development of clinical 
disease will be recognizable within certain limitations. 

It seems to me convenient to designate the tuberculous infection, 
either clinical or latent, which occurs in the infant or previously unin- 
fected child, as lesion of first infection or type of childhood. The words 
primary complex, very recently introduced from German literature, sug- 
gest an unrelated terminology, and have, it seems, little to recommend 
them. It is noteworthy that those who escape infection in childhood 
are unusually susceptible in adult life, and the lesions which occur in 
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these persons are similar to those of first infection in infancy and early 
childhood. 

Pulmonary tuberculosis of childhood begins as a focus in the 
parenchyma of the lung, and in most instances of tracheobronchial tu- 
berculosis demonstrable by roentgenograms this focus is recognized as a 
nodule in the peripheral lung field. There is no evidence that the dis- 
ease arises at the hilum of the lung. The term hilum tuberculosis, inas- 
much as it suggests that the disease originates in the bronchial lymph 
nodes, is, it seems to me, ill chosen, for it incorporates into nomenclature 
an opinion which is widely questioned. Furthermore what is designated 
hilum tuberculosis in the adult has no resemblance to the tuberculosis of 
tracheobronchial lymph nodes in children. 

In any discussion of first infection with tuberculosis during childhood 
attention must be given to infection by way of the gastrointestinal tract. 
Primary tuberculosis of the tonsils occurs, and tubercle bacilli may per- 
haps enter through the nasopharynx. Analogy suggests that tuberculo- 
sis of cervical lymph nodes follows. But tuberculosis having its origin 
in the intestine is more common, and is in most, but not in all instances, 
caused by the bovine type of tubercle bacillus. In young adults of the 
British Isles, where tuberculosis of dairy cattle is very common, latent 
lesions of the mesenteric lymph nodes are frequent; I have found tuber- 
culous lesions of mesenteric lymph nodes in one in four young British 
adults examined, whereas in this country similar lesions have been found 
in scarcely more than 5 per cent of adults examined. Dr. Ethel Dunham 
has recently shown that partially calcified lesions of the ‘mesenteric 
lymph nodes may be recognized during life in roentgenograms prepared 
with appropriate precautions. 

Koch first showed that the changes brought about in an animal by 
reinfection differ from those caused by a first infection. The inflam- 
matory reaction is more violent, healing tends to occur, and there is no 
evidence of extension to lymph nodes or other organs. Studies of Krause 
and Willis have shown that immunization brings about local fixation of 
bacteria and tends to fix tubercle bacilli at the site of entry into the body. 

Phthisis of adults has two outstanding characters, namely localization 
and chronicity. It is limited to the lungs, and in many instances never 
extends beyond the apex of the organ, which in the adult is evidently 
the most susceptible part. The lymph nodes at the hilum of the lung 
are not implicated. Dissemination occurs only in the last stages of the 
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disease, when, as it appears, the body is overwhelmed by the infection 
and resistance has disappeared. The chronicity of phthisis is indicated 
from an anatomical standpoint by the formation of fibrous tissue and a 
tendency to heal. 

Both localization and chronicity are expressions of resistance conferred 
by immunity. The apical tuberculosis of adults is a lesion of reinfection. 
We may ignore for the present the question whether this reinfection is 
exogenous or endogenous. It is noteworthy that, whereas the lesion 
under consideration is typical of the pulmonary tuberculosis of adult life, 
it may occur in children who have already had a first infection. Apical 
localization may occur as early as the seventh or eighth year, and its 
frequency rapidly increases during adolescence. 

Latent tuberculosis has been defined as tuberculous infection unaccom- 
panied by symptoms or physical signs. Can we assume that tuberculous 
infection occurs with no obvious disturbance of health? Malaise, 
asthenia, fever and malnutrition are uncertain criteria for the diagnosis 
of any one of the infectious diseases of childhood, and it will seldom be 
possible to furnish convincing evidence that they are due to tuberculosis, 
even when infection is revealed by the tuberculin reaction and by lesions 
seen in roentgenograms. Particularly noteworthy is the absence of any 
correlation between underweight and latent tuberculosis. Loss of weight 
has long been regarded as one of the cardinal symptoms of tuberculosis. 
Dr. Hetherington has made a careful analysis of a large number of school 
children with tuberculin reactions of varying degrees of intensity, and 
with various kinds of lesions demonstrable by roentgenological examina- 
tion, and has compared them with children who have shown no evidence 
of tuberculous infection. He has found that their average weight in re- 
lation to height is not less than that of children with no evidence of latent 
tuberculosis. This observation is in accord with what we know of tuber- 
culosis in animals, for there is often no loss of weight, even when the 
disease is well advanced, though with widespread involvement of organs 
malnutrition becomes evident. 

We may then speak of a latent period in the development of tuberculo- 
sis as of other infectious diseases. Lesions temporarily latent in the 
sense in which the term has been defined, invariably precede manifest 
disease. It may well be one of our chief concerns to recognize latent 
infection as early as possible, and to determine perhaps whether grave 
disease threatens. 

There is, I believe, much misconception concerning the value of the 
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tuberculin reaction. Its almost uniform occurrence among adults cannot 
be used as an argument against its value for children. Furthermore, 
varying degrees of sensitiveness to tuberculin are significant, particularly 
when the severity of a lesion recognizable by roentgenological examina- 
tion is under consideration. The intracutaneous test, performed with 
varied quantities of tuberculin, is in my opinion the only means by which 
sensitiveness to tuberculin can be measured so accurately that two suc- 
cessive tests can be compared. Refusal of parents to permit intracu- 
taneous tests has not been an important obstacle to routine employment 
of the method, save with young infants. It is improbable that the 
Pirquet method would have been more acceptable. 

To measure the significance of the tuberculin reaction, the age of the 
child, contact with open tuberculosis, the intensity of the reaction, and 
roentgenological evidence of lesions must be taken into consideration. 
It is widely recognized that the appearance of a reaction to tuberculin 
during the first year of life has grave significance, but it is well known that 
all infants in whom the reaction occurs do not develop fatal tuberculosis. 
Figures of Nassau and Zweig are instructive. Of20 children in whom a 
tuberculin reaction appeared within the first three months of life all died; 
of 16 children with evidence of infection during the second three months 
87.5 per cent died; but of 13 children with a reaction appearing during 
the second six months of life only 30.8 per cent died. The difficulty of 
obtaining trustworthy statistics concerning the occurrence of the tuber- 
culin reaction in infancy and early childhood is very great. Parents are 
often unwilling to allow very young children to be tested unless tubercu- 
losis in the family suggests evident danger. It is improbable that the 
available figures accurately represent the incidence of positive reactions 
among infants and very young children in the general population, and 
conclusions based upon these statistics are uncertain. 

As age increases the significance of the reaction diminishes for two 
reasons: (1) after the first year a much smaller part of those who react 
to tuberculin develop manifest disease, and (2) with advancing age the 
incidence of the reaction rapidly increases, so that at the age of eighteen 
almost every one is sensitive to tuberculin. The intensity of the reaction 
will be discussed after lesions recognizable by roentgenograms have been 
cited. 

I am inclined to think that as much knowledge concerning the pathol- 
ogy of tuberculosis can be obtained by study of the tuberculous lesions 
of those who die from causes other than tuberculosis as from the lungs 
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of those who die of the disease itself. The best method of depicting the 
distribution of lesions is by means of roentgenograms prepared from ex- 
cised lungs. The film may be used as a guide to the lesion in the dissec- 
tion of the lung. The various lesions discoverable in roentgenograms of 
excised lungs may be identified in chest-plates prepared from patients. 
Roentgenologists, who are doubtful concerning the interpretation of 
latent tuberculous lesions, should prepare a series of roentgenograms from 
excised lungs of those who die from diseases other than tuberculosis. 

The significance of lesions, recognized in roentgenograms prepared 
from the living chest, varies with the character of the lesion and the age 
of the patient. Furthermore, the studies which Doctor McPhedran 
and I have made at the Henry Phipps Institute upon children of fami- 
lies in contact with open tuberculosis and observed during a period of four 
years, show that the tuberculin reaction will often aid in determining 
whether a recognizable lesion is potentially progressive or already healed. 

Well-defined nodules, evident in the lung fields, have been in our experi- 
ence of little significance as an index of grave tuberculous infection. 
Comparison with lesions recognizable in plates prepared from excised 
lungs indicates that nodules with sharp contours are encapsulated and 
calcified, and are partially or completely healed. Nevertheless, the 
occurrence of these nodules does not exclude the possibility that tuber- 
culous infection is advancing elsewhere, for lesions which are stationary 
and partially calcified in one part and progressive in another are not infre- 
quently seen at autopsy. 

“Soft” infiltration of the lung field is of greater significance than a 
sharply defined nodule, provided there is presumptive evidence that it is 
referable to tuberculous infection. To consider the criteria which serve 
to establish the existence of tuberculous infection in the presence of 
recognizable pulmonary infiltration would introduce a discussion of the 
diagnosis of tuberculosis in children. I shall nevertheless cite several 
of the most important, namely (1) known contact with open tuberculosis, 
(2) an active tuberculin reaction, and (3) recognizable disease of adjacent 
tracheobronchial lymph nodes. 

There is no essential distinction between latent infection shown by an 
isolated pulmonary nodule and that accompanied by obvious involvement 
of the tracheobronchial lymph nodes, for dissections of lungs show that 
a pulmonary focus is almost invariably found in association with a 
lesion of the tracheobronchial lymph nodes. When in the roentgenogram 
of a living chest no lesion of lymph nodes accompanies an isolated nodule 
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in the peripheral lung-field; it may be assumed that the lesion of the 
lymph node, though present, is invisible in the film. 

When, on the contrary, tuberculosis of the tracheobronchial lymph 
nodes is identified by characteristic shadows at the hilum of the one or 
the other lung, infection is more extensive and the possibility of dissemina- 
tion is greater. Irregularly oval shadows occur in contact with a bron- 
chus or one of its largest subdivisions, at the bifurcation of the trachea 
and at one side, almost invariably at the right. Massive lesions of 
tracheobronchial lymph nodes may be recognizable, even though there 
is no calcification, but in most instances lesions of tracheobronchial 
lymph nodes are seen in the roentgenogram because there is some deposi- 
tion of calcium. Beginning calcification does not prove that the lesion 
is healed and no longer a menace to the child, for, on the one hand, soft 
caseous material may contain sufficient calcium salts to render it con- 
spicuous in the roentgenogram, and, on the other hand, with partially 
calcified lymph nodes progressive tuberculosis may be present in other 
lymph nodes or in the pulmonary parenchyma. An active tuberculin 
reaction in a child with a tuberculous lesion recognizable by roentgeno- 
logical examination is presumptive evidence that the lesion has not 
healed. 

The relation of latent tuberculosis of tracheobronchial lymph nodes 
to progressive disease accompanied by symptoms and physical signs 
deserves consideration from the standpoints both of pathogenesis and of 
diagnosis. It is often stated that the disease has its origin in the lymph 
nodes and spreads toward the periphery of the lungs. This opinion 
occasionally seems to be supported by deceptive shadows at the hilum 
of the lung due to rapid progress of the disease in the bronchial lymph 
nodes and in overlying lung tissue. In the lungs after death it is occa- 
sionally evident that caseation has penetrated the capsule of an enlarged 
lymph node, tuberculosis having spread into adjacent lung parenchyma, 
but this occurrence is unusual, and, even when it takes place, an earlier 
focus of infection can be found elsewhere in the lung substance. 

The significance of tuberculosis of tracheobronchial lymph nodes is 
doubtless often dependent not so much upon the more conspicuous lesion 
which is seen in the film as upon less evident lesions which have under- 
gone little if any calc fication. In younger children there may be, in 
association with lesions of the lymph nodes, wide areas of soft infiltration 
evident in the peripheral lung field. The disease has the character of a 
first infection, with wide dissemination in the substance of the lung as 
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well as in the lymph nodes. In a number of instances diffuse lesions of 
the pulmonary fields, accompanied by physical signs, have made their 
appearance after the discovery of tracheobronchial disease. 

Latent tuberculosis of the apex is of greater importance from the 
standpoint of prognosis than is disease of the tracheobronchial lymph 
nodes. It is not infrequently seen in children in the second decade of 
life, usually after 13 years of age, and is discovered in children who are 
examined because of contact with open tuberculosis. Among our cases 
there were some with widespread infiltration of the apex as indicated by 
“soft” mottling in the second and third interspaces. Occasionally a 
salient, pointing downward, projected from below the scond rib. In 
some instances there were dense mottled shadows as low as the fourth 
interspace. When we designated the lesion latent apical tuberculosis there 
were no symptoms or physical signs suggestive of tuberculosis. The 
character of these lesions, as revealed by roentgenological examination, 
did not differ from that of another group in which evident infiltration of 
the apex as shown in roentgenograms was accompanied by rales at one 
or both apices. In these cases there was no cough, loss of weight or 
evident elevation of temperature. But since rales were heard, the 
disease was regarded as manifest, though the patient appeared to be in 
- good health. Occasionally there was opportunity to follow the transi- 
tion from latent to clinically manifest disease so advanced that it was 
accompanied by loss of weight, cavity formation and the appearance of 
tubercle bacilli in the sputum. 

In children long in contact with open tuberculosis, latent or manifest 
apical tuberculosis has been repeatedly found associated with tubercu- 
losis of tracheobronchial lymph nodes evident in roentgenograms. In 
some of these instances a calcified nodule was recognizable in the lung 
field on one side, and there were extensive lesions of the adjacent lymph 
nodes, whereas in the opposite lung “soft” infiltration was found at the 
apex. After continued exposure to open tuberculosis the apical lesion 
of reinfection has been superimposed upon the first infection of childhood. 

The opinion that all tuberculosis, including the phthisis of adult life, 
has its origin in early infancy has been supported by von Behring and by 
many others, but although it still has many advocates it has steadily 
lost support. Those who maintain that the phthisis of adults is acquired 
in childhood are inclined to believe that it is an endogenous apical infec- 
tion derived from lesions which have their origin at any time during 
infancy or childhood. The chief evidence in favor of this view is the 
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apparent difficulty with which adults are infected by tuberculosis. In 
view of the chronic nature of the disease, accurate information is not 
readily obtained and statistics concerning the infection of adults, as 
Newsholme has pointed out, are untrustworthy. Anatomical evidence 
furnishes no support to the view that the apical lesion of adults is derived 
from the focal lesion of childhood, for the first is not an extension from 
the second and is just as often in the opposite lung as in the same lung. 
Bacteriological examination indicates that tubercle bacilli have usually 
disappeared from the lesions of childhood before the apical disease makes 
its appearance. 

Although available evidence indicates that the lesion of reinfection 
which is the adult type of tuberculosis is not a continuation of the first 
infection arising in early childhood, the adult type of pulmonary tuber- 
culosis is not uncommon in the second decade of life. In this sense the 
disease of adults may have its origin in the later period of childhood. 
When lesions of this type are seen at autopsy, completely healed calcified 
foci of a preceding infection are found in the lung and in adjacent lymph 
nodes. Adolescent children of families in contact with open tuberculosis 
exhibit latent apical lesions which undoubtedly give rise to manifest 
disease. ‘The period of latency varies greatly in length, and is doubtless 
often brought to an end by unfavorable environment. We have found 
abundant evidence that much of the phthisis of early adult life has its 
origin during adolescence. 

Severe latent lesions are found with the greatest frequency in families 
in which some member is suffering from open tuberculosis, and their 
frequency increases with the duration of exposure. Medical supervision 
of families in which tuberculosis has occurred furnishes a means by which 
infection can be recognized before it becomes manifest. The application 
of well-known methods for the control of the disease will frequently 
prevent the extension of advanced latent disease. Roentgenological 
examinations of young children in families exposed to tuberculosis will 
reveal the severer forms of latent tuberculosis of the tracheobronchial 
lymph nodes at a time when it is still unhealed. Routine examinations 
of adolescent children exposed to open tuberculosis may result in the 
discovery of latent apical lesions, and perhaps, in some instances, changes 
shown roentgenologically may direct attention to lesions which are 
accompanied by inconspicuous symptoms or intermittent physical signs. 

Lesions of the apex may remain latent for a long period before they 
are revealed by haemorrhage or other symptoms, and what is regarded 
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as incipient tuberculosis of early adult life is often represented by a 
fibroid lesion, which has had its origin during adolescence and has 
remained latent for a considerable period of years. 

Tuberculosis is an endemic contagious disease. Heretofore most of 
our opinions concerning it have been formed by considering only those 
instances which have reached a grade of intensity sufficient to make them 
conspicuous, or, as we say, recognizable clinically. Tuberculous infec- 
tion that is still in the stage which we know must precede manifest disease 
and infection which never becomes manifest we designate, for want of 
a better term, as latent. Nevertheless we know that, within certain 
limitations, this latent infection can be recognized and its intensity be 
measured by well-understood procedures. No clear insight into the 
contagion of tuberculosis can be obtained unless latent disease is brought 
within our field of vision. A better understanding of how the disease 
behaves during its period of latency points the way to the prevention of 
its more harmful stages. 
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For many years emphasis has been laid on the importance of the early 
diagnosis in tuberculosis. In spite of this there are among admissions 
to sanatoria a distressingly large proportion of patients in whom the 
extent of disease cannot be classed as other than moderately advanced. 
This is true even in sanatoria that try to admit only favorable cases. 
Furthermore, examination of the post-discharge and follow-up records 
of such patients as have moderately advanced lesions reveals that ap- 
proximately 50 per cent are dead five years after discharge from the 
sanatorium. 

Since the rapidity and permanence of recovery and the degree to which 
function can be restored depend largely on the extent and severity of the 
lesion, it is important to know whether by any means we can discover 
lesions earlier in those who become sick from tuberculosis. It is neces- 
sary to inquire into the causes of delayed recognition under two main 
headings, (1) lack of initiative on the part of the patient in seeking 
advice and (2) the inadequate use of available diagnostic procedures. 

The dissemination of information as to the frequency of tuberculosis 
and the danger of ignoring protracted cough and persistent inexplicable 
fatigue has done much to bring patients to the physician earlier in the 
course of their disease. None the less, the majority of cases still present 
moderately advanced lesions when they first consult a physician, and the 
ascertainable history of onset of symptoms extends back, for the most 
part, only a few weeks or months. Commonly, such patients look well 
and have only slight elevation of pulse and temperature, and admit 
only grudgingly, on close cross examination, that they have coughed or 
felt tired longer than the four to six weeks mentioned in their first 
complaint. 

Furthermore, on subsequent observation the lesion is often seen to 
change little in many weeks, and its anatomical characteristics and course 

1 From the Henry Phipps Institute, University of Pennsylvania, Philadelphia. 

2 Read before the Clinical Section at the twenty-third annual meeting of the National 
Tuberculosis Association, Indianapolis, Indiana, May 25, 1927. 
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thus combine to reinforce the evidence of the history that the disease 
has developed slowly and insidiously. Such a deduction is in harmony 
with the usual course of phthisis after its clinical recognition and the 
institution of treatment. The physician, discovering moderately ad- 
vanced disease on first examination, may lament the extent of the lesion, 
but can scarcely charge the patient with neglect when symptoms are 
slight and recent. 

Education of the public has resulted in patients seeking the physician 
when symptoms are recognizable. It remains to inquire what can be 
done to improve the accuracy and direction of diagnostic procedure. 

The emphasis laid on the importance of early diagnosis has focused 
attention on the symptoms and signs that should be looked for, and on 
the need, in doubtful cases, for repeated careful examinations, including 
temperature records. A further step, and the next logical one, is to seek 
out individuals before their lesions have become severe enough to make 
them ill, and to institute appropriate treatment. Presumably the 
slighter the lesion, the shorter and less drastic need be the limitations 
imposed on activity. 

As has been shown above, the indications are that a recognizable 
anatomical lesion antedates the onset of symptoms. Verification of this 
probability has been obtained in a study (1) carried out at the Henry 
Phipps Institute during the past four years. Serial examinations were 
made of the individual members of three groups of families: one of 
families having members with sputum-positive tuberculosis; another of 
families having members with clinical tuberculosis, sputum-negative; 
the third of families, none of whose members showed, on examination, 
evidence of pulmonary tuberculosis. The results show that, for practical 
purposes, examinations for latent tuberculosis should be confined to the 
first two groups, especially the first. X-ray examinations were made at 
intervals varying from three months to a year, the interval being deter- 
mined by the age of the child, the intensity of exposure, the health of 
the child, the intensity of the tuberculin reaction, and the family history 
as to the suddenness of onset of disease in that family. It was felt that 
they should be made every three months for infants who had been ex- 
posed. In some instances the intervals were longer than desired because 
of a lack of codperation on the part of the patient. Other examina- 
‘tions included history, intracutaneous tuberculin tests yearly, and 
physical examination every three to six months when possible. Frequent 
visits to the dispensary were urged, at which, in addition to records of 
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pulse, temperature and weight, note was entered of any complaints, and 
inquiry made as to the presence of the general and localizing symptoms 
of tuberculosis. The dispensary visits were supplemented by social- 
service visiting. In this way not a few patients who otherwise would 
be lost sight of can be kept under observation, particularly adolescent 
children just out of school and starting to work, who are less amenable to 
persuasion and more limited as to time. 

By this method it has been possible to follow many children of all ages, 
and to observe the presence and, in a few cases, the appearance of an 
anatomical lesion, roentgenographically demonstrable, in children who 
gave no evidence by symptoms or physical signs of the presence of the 
lesion. Continued observation of such cases showed that in nearly every 
instance the lesion tended to progress. Sometimes this advance would 
be shown by increase in density, sometimes by increase in extent, but 
usually by both. While these anatomical spreads might proceed for 
months, or even, as in one case, for two years, without accompanying 
evidence of disease as expressed by pulse, temperature, cough, hoarseness 
or general symptoms, eventually, with rare exceptions, symptoms and 
physical signs of disease made their appearance in untreated cases. 
Whenever a diffuse pulmonary infiltration was discovered in a child or 
adolescent, a modified life was recommended, and in the older children 
sanatorium care was advised. There are, however, many and varied 
difficulties in the way of securing treatment for symptomless individuals, 
even with disease moderately advanced in extent. It is often very 
difficult to convince the patient himself that, although he feels well, he 
needs care. Moreover, many medical men hold the opinion that an 
anatomical lesion, roentgenographically demonstrable, but without 
physical signs or symptoms, is a scar and therefore negligible. 

We are thus brought, on purely practical considerations, to the selec- 
tion of a term to cover this group of cases in order that we may study 
the conditions in which they appear, their characteristics and their 
needs. 

Tuberculosis, demonstrable by X-ray, has been defined (1) as latent 
when “unaccompanied by symptoms or physical signs recognized by 
patient or physician,” and it has been further pointed out that there can 
be no sharp line of demarcation between latent and manifest disease. 
As will be shown in the appended tables, there are neither in the group 
showing latent apical tuberculosis nor in the group having latent tubercu- 
lous infiltration of the nonapical or childhood type, symptoms referable 
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TABLE 1 
Tracheobronchial tuberculosis 

These cases, from families previously reported (1) have been under observation for from 
three to four years. They are listed in the order of their percentage weight. It is apparent 
that underweight is of value as a factor neither in diagnosis nor in prognosis while these lesions 
remain latent. Hetherington’s larger figures (8) have brought out this fact. The absence 
of a symptom is indicated by a dash, its presence by yes. 

Comment on cases: Case 1 had a record of cough and expectoration at several visits to the 
dispensary prior to the beginning of our period of observation in the fall of 1923. When her 
first X-ray examination was made in November, 1923, there were no symptoms, nor were 
there any during 1924. Repeated films during this time show only a large calcification in the 
hilum and one on the right posterolateral surface of the trachea. It is possible that extension 
of caseation occurred through the lymph-node capsule, irritating the inferior laryngeal nerve. 
One other case has a similar large lesion with similar symptoms. However, many lesions of 
equal or greater size have been seen without concomitant symptoms. This child was without 
symptoms, except intermittent hoarseness, for nearly two years prior to the appearance of a 
density in the mesial half of her left apex in films of October, 1925. This lesion has since 
spread to occupy the whole apex. There has been occasional cough during the past year. 

Case 23, L. Ck., was entirely well, apart from cough and expectoration all winter. Case 31, 
J. Mg., has continued to have cough, except in summer when it ceases for the most part. 
This boy has remained well otherwise. Case 32, Jo. Mg., brother of case 31, developed a basal 
infiltration three months after the diagnosis of his tracheobronchial lesion. 

With the possible exception of hoarseness, this group of children shows no higher incidence 
of the general or localizing symptoms of tuberculosis than a group of noncontacts without 
lesions. A group of children with sharp tuberculin reactions, but without tracheobronchial 
lesions demonstrable by X-ray, showed no variation in symptoms from those in the above 
groups. 
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TABLE 2 
Latent apical tuberculosis 

Case 1 had no cough when her lesion was discovered and for some months earlier. Hoarse- 
ness has been present intermittently. 

Case 4 had a history of colds in the chest, but she had been entirely well of these for several 
months when her lesion was discovered. 

Case 8 is well. The lesion is progressive (see fig. 1). Hoarseness has not been reported 
in the last two years. It was reported at the first visit, when no lesion was visible. 

Case 11 was seen twice. He had no cough at the second visit and his strength was good. 

Case 14 showed a definite increase in the area of infiltration within four months. Rales 
were heard above the right clavicle one month after the film shown in figure 2 was made. 

Case 15, because she felt well, was brought into the clinic with great difficulty. Slight 
hoarseness was observed at this visit. Her mother gave the history of poor energy. Three 
months later the patient was asked to cough, the throat was swabbed, and animal inoculation 
was made with positive results. 

Case 18, sister of case 16, had occasional fine rales in the left apex one month after a bilat- 
eral latent lesion was discovered. Hoarseness was noted after the appearance of rales. 
This child was nervous and deficient in energy before the lesion appeared. 

Case 20 showed no lesion during the first year of observation. During the second year an 
apical lesion appeared. Later persistent cough developed. 

Case 21, sister of case 14, had a soft, flocculent shadow in the left apex. This increased 
for some months, and treatment was advised but refused. Latterly the lesion appears to be 
retrogressive. 

Case 22 has a soft, diffuse network in the right apex. This appears to be increasing. 

It is noteworthy that one-third of these cases are 7 per cent or more underweight as 
against 19 per cent of those having only tracheobronchial lesions. 
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TABLE 2 
Latent apical tuberculosis 
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to the lesion. Consistently demonstrable signs, such as impairment of 
resonance, limitation of expansion, changes in voice-sounds, have also 
been lacking. When rdles persisted unchanged throughout one careful 
examination over an apex in which an infiltration could be demonstrated 
by roentgen-ray, the case was transferred to the clinical group. When 
roentgenographically demonstrable infiltrations of the basal or childhood 
type were associated with rales or other clear-cut physical signs heard 
over the affected area, they were similarly transferred to the clinical 
group. The differential diagnosis of basal lesions as tuberculous is more 
difficult than that of apical infiltrations, and will be taken up later. We 
have, then, leaving tracheobronchial tuberculosis aside for the moment, 
a group of cases of latent apical tuberculosis showing a definite pulmo- 
nary infiltration repeatedly reproducible in the roentgenogram, with no 
consistently demonstrable physical signs, and with no symptoms and 
no record of past illness referable to the discovered lesion. 

If such cases are followed for some months or years, the majority of 
those who do not live a carefully modified life develop symptoms and 
clear-cut signs, particularly rales. The development of rales may pre- 
cede the onset of symptoms. 

Two of our cases of apical tuberculosis in adolescents, one with a 
minimal, and one with a moderately advanced lesion, illustrate how ill- 
defined may be the line between latent and manifest disease. These 
cases have shown rales on only one examination, in each case some time 
after the lesion was demonstrable by X-ray only. Neither had any other 
clear-cut physical signs; neither had elevation of pulse or temperature, 
or any symptoms referable to the lesion. Both patients, however, were 
persuaded to take treatment; one after his lesion had been observed to 
spread within a period of two years from a scanty infiltration of both 
apices to a moderately advanced infiltration involving the upper third of 
both lungs; there is also a tracheobronchial calcification. This boy is 
a remarkably fine physical type, and there was nothing in his appearance 
to indicate that he had a lesion. He was overweight, and his muscula- 
ture was splendid. Some six months in a sanatorium improved the 
appearance of the lesion, and he has gained rapidly in height while 
maintaining the excellent proportion of his musculature. If he is not 
put to work, because he has no signs or symptoms, there may occur a 
yet more marked retrogression of his lesion, which is still moderately 
advanced in extent and severity. 

The other child mentioned, a girl, under observation since November, 
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1923, showed a tracheobronchial calcification in the right hilum, and one 
on the right posterolateral aspect of the trachea. She was 25 per cent 
overweight and free from symptoms other than intermittent hoarseness. 
As the calcified area was large, it seemed possible that the tuberculous 
necrosis might have extended to the capsule and irritated the inferior 
laryngeal nerve. In October, 1925, a definite, dense infiltration was seen 
in the mesial half of the left apex. Shortly after this, rales were heard 
on one examination only. The area of density spread, and involved the 
whole apex by the fall of 1926, when she was finally persuaded to go to an 
institution. Here the lesion was interpreted as an old scar, presumably 
because of its sharply blocked-out appearance. ‘These apical lesions 
in children are frequently characterized as obsolete or inactive on the 
basis of deductions made from the appearances seen in one roentgeno- 
gram alone, merely because they are unaccompanied by clinical evidence. 
Such a conclusion is at variance with our observations made over a 
period of months or years. ‘This patient in question was discharged in 
about five months. Recently the area of the lesion appears to be 
increasing. 

There may be objections to limiting the term latent to cases recognized 
solely by one form of physical exploration, the roentgen-ray. It has 
been urged that patients with rales and other physical signs, in addition 
to the roentgenographically demonstrable infiltration, should be classed 
as latent as long as they are without general or localizing symptoms. 
But, despite the evidence of the two quoted instances, the appearance 
of rales, in the vast majority of cases, is approximately coincident with 
the onset of symptoms. 

Another objection which has been raised tc the application of the term 
latent to lesions which are frequently precusors of clinical disease is that 
latency implies quiescence. (Quiescent, however, has already been defined 
in the classification of the American Sanatorium Association and the 
National Tuberculosis Association, and it should continue to be reserved 
for a phase of clinical disease. Our use of latent, especially when applied 
to the condition of the children who fall into that group, does not indicate 
that they do not need care, but rather helps to focus attention on the 
insidiousness of the lesion in these most hopeful cases. When the devel- 
opment of symptoms brings them to the physician, it is at a stage which 
experience shows is far from satisfactory to the individual and to the 
campaign against the disease. The definition gives needed emphasis 
both to the existence of the latent group and to the means of discovery 
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of the cases it includes. There is ample evidence (1) (2) that the number 
of such cases is not inconsiderable. 


Fic. 1. In the right apex there is a sharply blocked-out gray shadow, with irregular, denser, 
whitish markings upon it. Superimposed on the shadow of the right eighth rib, and crossing 
the sharply defined shadow of the arteriai main-stem, is a density sharply demarcated above 
as though by a pleural plane, and fading out below. This shadow was more opaque two 
years before, and it is thought to be possibly due to the retrogression of a basal or childhood 
type of tuberculous infiltration. 


Considering the purely latent stage of tuberculosis, both basal and apical, 
just as the roentgenogram is the sole method for recognizing the lesion, 
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so it is also, in the continued absence of signs and symptoms, the decisive 
means for determining the adequacy of measures taken to control it. 
A decided increase in height, with a satisfactory relation of weight to 
height, and general evidence of increased well-being in a child who is 
treated for a latent lesion are satisfactory as far as they go, but these are 


Fic. 2. In the right lung-field is a shadow descending as low as the axillary level of the sixth 
rib, soft and flocculent peripherally, and with a soft, ill-defined strand-like appearance medi- 
ally. The latter is probably partly due to superposition of the shadows of infiltrarion upon 
the trunk shadows. The lesion represented descended only as far as the axillary level of the 
fourth rib in films made four months earlier. The patient is well. Rales were heard over the 
tight apex in May, 1927. 


not enough in themselves. Assurance of adequate treatment is to be 
found chiefly in retrogression in the extent and density of the infiltration, 
and finally in the appearance of a sharply delimited, strand-like network 
that remains stable. Such a lesion must be observed to be without 
change over a period of at least six months. And, as indicated above, a 
blocked-out, broad, homogeneous density in the apex is not to be accepted 
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TABLE 3 
Childhood type of pulmonary tuberculosis—latent 


These children were without complaints and were examined because of contact. 

Case 1 later developed cough, rales and fever. 

Case 2, because of hoarseness, rales and fever, later was transferred to the clinical group. 

Case 4 has remained free from symptoms except for anorexia. RAales have subsequently 
appeared in the right middle third over the area of infiltration. See figure 4 of reference 4. 

Case 5 later developed cough and fever, and rhonchi occurred, localized over the area of 
infiltration. 

Case 6 had slight cough without expectoration for twenty-two days. This was prior to 
the discovery of his lesion and is possibly referable to it. See figure 3 of reference 4. 

Case 7 was later transferred to the clinical group because of temperature reaching 99,4° 
repeatedly. 

Cases 8 and 9, sisters, are definitely underweight. Elevation of temperature at only one 
of several visits is commonly seen in children concerning whose health there is no reason for 
anxiety. 
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as evidence of scarring. In one child (fig. 1) such a lesion developed in 
thirteen months, displacing a soft faint network, which in turn had 
appeared in an apex that had been clear one year before. 

Both diagnosis and adequate observation of the progress of latent 
apical lesions (fig. 2) depend on the accuracy (3) and reproducibility of 
roentgenograms of any given type of individual. This requires special 
attention to the shape of the chest (4) and the thickness of the chest-wall; 
calculation of the exposure for the apex, which is the region of chief 
importance;and measurements and records of all factors entering into the 
making of the roentgenogram, so that results may be reproduced. The 
measurement of the thoracic depth, made by means of a pelvimeter, 
and an estimate of the thickness of the chest-wall should be written 
down, so that a standard table may be both established and referred to. 
Our estimate of the thickness of the chest-wall is indicated by letters, 
A; A-B; B; B-C; C; C-D; and D. B indicates the normal average of fat 
and muscle for any given depth, measured in centimetres by the pelvim- 
eter. There are also noted the voltage, the filament current read to 
one one-hundredth of an ampere, and the serial number of the tube 
employed. Each tube, as it is taken into service, should be calibrated, 
in order to find at what filament current it reproduces the photographic 
density given by a standard tube already in use. A tube which is even 
slightly gassy is useless if dependable results are desired. It is well to 
work at a fixed target-film distance of not less than 4 feet, at which there 
is not excessive diffusion of the shadows cast by intrapulmonary densities 
even though situated posteriorly, that is, remote from the film surface.’ 
A greater target-film distance is very much to be desired, but is not 
obtainable with the majority of X-ray transformers if exposure is kept 
short enough. Even with synchronized exposures, we think that films 
made in 0.025 second are better than those occupying 0.05 second. 
When exposures are made in 0.025 second or less, the density of the film 
is largely dependent on whether, at the moment the X-ray switch is 
closed, the alternating current happens to be at zero or at maximum 
potential, or at varying points between these two. 

In 1925, the writer laid before Dr. W. D. Coolidge of the Research 
Laboratories of the General Electric Company the difficulties which we 
were then experiencing in securing closing and opening of the X-ray 


3 The writer has heretofore ascribed the lack of definition of lesions situated posteriorly 
in partto overpenetration. This factor has been questioned and is now being investigated. 
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switch always at zero potential. Mr. W. K. Kearsley, Jr., of the General 
Electric Laboratories developed a switch, with which it is possible to 
secure at will from one to six impulses of the alternating current, and 
thus control the density of negatives, so far as the duration of exposures 
is concerned. The length of exposure obtained with one current-im- 
pulse of a 60-cycle current is one one-hundred-and-twentieth of a second. 

We have, thanks to the courtesy of the General Electric Company, 
made use of a model of this Kearsley switch during the past two years. 
A timer, giving such accuracy of control of exposure-time with a trans- 
former delivering adequate power, would enormously increase the accu- 
racy of diagnosis of latent lesions in young children, and especially in 
infants. 

The basal or childhood type of latent lesion may occur both as a 
circumscribed focal necrosis, which needs no attention unless large and 
imperfectly delimited by encapsulation, and as an ill-defined lesion. 
The latter appears in two main forms (4), one adiffuseinfiltration, usually 
reaching into the lower part of the lung from the periphery, laterally or 
anteriorly or posteriorly. It is best seen in synchronized films, in which 
it is readily distinguishable from the normal symmetrical arborization 
(5) due to the trunk shadows, which is denser at the root and, branching 
symmetrically, decreases toward the periphery. 

Another form of basal tuberculous infiltration of the childhood type 
consists of a sudden-appearing, almost homogeneous density occupying 
one lobe or a large part of a lobe (figs. 1, 2 and 3 of reference 4). 
While the development of this type of lesion is usually accompanied by 
slight cough and rdles, it may appear without any noticeable symptoms 
or signs. Several of our cases have been discovered in the course of 
routine examinations of those in contact with open tuberculosis. In 
more than one instance such a lesion has been found in a child whose film 
of six months earlier was clear, and, on close questioning, all that could 
be elicited has been an admission of slight cough lasting about three or 
four weeks and ceasing some six weeks before the lesion was discovered. 
In such cases the cough is probably referable to the lesion, but it is clear 
that no hard and fast rule can be made to classify such cases with trivial 
symptoms of short duration as either latent or manifest tuberculosis. 
The symptoms are by no means pathognomonic, and it is often impossible 
to say whether they occurred before or after or during the development 
of the lesion. This type of lesion clears very slowly from the periphery 
on the pleura, the last part of the density to disappear being the tip of 
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the wedge of infiltration which abuts on the hilum (fig. 4 of reference 4). 
Since such lesions persist for months together and are often symptom- 
less, they are usually seen when the periphery situated at the pleura is 
less dense than the tip at the hilum. From this appearance some authors 
have drawn the inference that the lesion is spreading out from the hilum. 
Actually, as serial films taken from various angles will show, it is clearing 
from the periphery. 

Differentiation of these homogeneous densities due to tuberculosis (4) 
from those due to nontuberculous pneumonia is discussed elsewhere. 

The diagnosis of tracheobronchial tuberculosis has also been discussed 
elsewhere (6). The most important points, based on roentgenograms of 
excised lungs and lungs of the living, are (1) that caseation apart from 
calcific infiltration is not demonstrable by the roentgen-ray, except that 
(a) massive caseation of the mediastinal lymph nodes may bulge beyond 
the margins of the mediastinal shadow in fatal infantile cases, and (b) 
in four instances, three of them recent, all in colored children, irregular 
and somewhat rounded densities, possibly caseous, have been recorded, 
bulging slightly into the parenchyma beyond the arterial main-stem; 
(these children are all well and the blood-smear is normal in each case; 
while repeated films of one child showed no shadow of calcium dur- 
ing nine months, a faint calcium shadow became visible after fifteen 
months, in June, 1927); and (2) round or oval homogeneous shadows, 
especially in the hilum region, are usually due to blood-vessels axially 
radiated. The differentiation of shadows so produced from shadows 
due to calcium is readily made by exposing the patient in a rotated 
position. We have lately found the right rotated exposure better than 
the left, which was formerly described. The right arm, shoulder and 
hip are slightly rotated away from the film. In this way both arterial 
main-stem shadows are recorded free of the cardiac and vertebral shadows 
and infiltrations of calcium are recognizable even when faint. 

Tracheobronchial lesions are important because they indicate severe 
infection, and children in whom they occur are liable to develop dif- 
ffuse pulmonary lesions (1) (2) (6). The significance of an anatomical 
tracheobronchial lesion is to be determined partly by the character of 
the calcium shadow and partly by the tuberculin reaction. A soft, 
delicate shadow suggests an unstable lesion and the advisability of careful 
supervision of the patient despite a faint tuberculin reaction. If the 
tuberculin reaction is strong, the necessity for a modified life is distinctly 
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indicated. A dense shadow of calcium with a faint tuberculin reaction 
is probably an indication of an old encapsulated lesion, and is in itself 
not a reason for special care. The presence of tuberculin reaction in an 
infant, or the presence of an active tuberculin reaction in a child under 
ten years, without demonstrable lesion of the lungs or lymph nodes, is 
of serious significance (1) (6). It warrants the institution of every 
measure calculated to improve the child’s health and, above all, to 
prevent further infection. 

Recently, several cases showing large areas of calcification in lymph 
nodes situated on the trachea, at the bifurcation, and along the extra- 
pulmonary portion of the bronchi have been carefully reéxamined for 
D’Espine’s sign. This check confirmed the former examinations (6), 
and showed that there is no relation between the presence of D’Espine’s 
sign (7), whether one follows the original definition or one of the various 
modifications, and demonstrable tracheobronchial calcification even as 
extensive as 3.5 cm. across. As previously noted, enlargements, roent- 
genographically demonstrable, extended to the spine in no instance 
except in fatal infantile cases with massive caseation of many adjacent 
lymph nodes. In all but these latter the demonstrable calcifications lie 
along the posterior or posterolateral aspect of the trachea, and encircle- 
ment, with its implications of pressure, has not been seen. Further, it 
is difficult to conceive of pressure without either a point of counter- 
pressure such as the spine; or without intrinsic weight, that is, specific 
gravity plus mass, greater than is to be found in calcifications such as 
have occurred in our series. 

As has been stated (6) and as the tables show, there are no symptoms 
due to uncomplicated tracheobronchial tuberculosis which has not ex- 
tended through the capsule of the lymph node. When persistent cough 
is present, adequate films will usually reveal a pulmonary infiltration. 


CONCLUSIONS 


1. When symptoms are sufficient to bring the patient to the physician 
the lesion is not infrequently in a stage too late for satisfactory 
treatment. 

2. The diagnosis of tuberculosis in its latent or preclinical stage is 
entirely a practical procedure. 
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THE TREATMENT OF LATENT TUBERCULOSIS IN 
CHILDHOOD::.? 


J. A. MYERS 


Perhaps we agree that after the age of two or three years and on 
through childhood the human body controls tuberculous lesions better 
than at any other period in the entire span of life. This fact, however, 
must not make us overconfident concerning the outcome of latent tuber- 
culous lesions in children. Latent tuberculosis in childhood, wherever 
its location, should be considered a potentially serious condition, since it 
is capable of becoming reactivated; therefore, every child in whom latent 
tuberculosis is detected should be treated in an attempt to prevent 
reactivation. 

Several factors should determine the treatment to be administered in 
each case, such as the extent of the disease, location of the disease, and 
the age of the child. The factors which we are now using in the treat- 
ment of adults suffering from tuberculosis may for the most part be 
applied as preventive measures in children with latent tuberculosis. 
Conservation of energy cannot, and perhaps should not, be carried out 
with children as it is with adults; nevertheless, periods of rest during the 
day and long hours in bed at night can be employed. There is no doubt 
that many children are suffering from chronic fatigue, and this in children 
with latent tuberculosis is dangerous. The second great factor in the 
treatment of latent tuberculosis in children is close medical and nursing 
supervision. This can be carried out just as well, and perhaps better in 
childhood than in adult life, because most parents will submit their 
children for medical examination, nursing care and observation, when they 
would not submit to the same examination and care for themselves. The 
food of children usually presents a smaller problem than the food of 
adults. The educational work can be carried on with much better results 


1 This paper was prepared with the aid of a grant from the Research Fund of the University 
of Minnesota. 

2 Presented before the Clinical Section of the National Tuberculosis Association at its 
twenty-third annual meeting, Indianapolis, May 25, 1927. 
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in childhood than in adult life because the child is at an impressionable 
age and the mind is retentive. 

During the past six years a special attempt has been made in Minne- 
apolis to diagnose tuberculosis in childhood, but what in my opinion is 
far more important is the effort that has been made to provide care for 
them once the diagnosis is established. The clinically active cases are 
sent to the proper institutions for treatment, while the suspected cases 
are carefully observed and treated until a definite statement can be made 
regarding,the presence or absence of disease. The children with the 
latent type of tuberculosis are sent to the Lymanhurst School for Tuber- 
culous Children. Here they are placed on a routine which differs con- 
siderably from that of the regular school child. In the first place there 
is an attempt to conserve energy. This is done by supervision of the 
playground and by a period of rest in bed each day. Children who are 
chronically fatigued and who have not been accustomed to daily rest 
periods soon become adapted to this routine and fall asleep almost 
immediately after the rest period in bed begins. They sleep soundly 
until they are awakened by the nurse for further class-work. This 
period of sleep is for an hour or an hour and a half every day. At Lyman- 
hurst the children are also kept under very close medical and nursing 
supervision. Any symptom that appears is reported to the physician by 
the nurse and special attention is given toit. Ifthe symptom is not due 
to tuberculosis the cause is removed as soon as possible, thus aiding the 
child in keeping its resistance at a high level. If the symptom is due to 
reactivation of the tuberculous process then the condition is detected 
before much spread has occurred or much harm has been done. About 
10 per cent of the children admitted to the Lymanhurst School and ward 
have been referred to the Glen Lake Sanatorium because of symptoms 
which the medical staff believed to be indicative of slight progressiveness 
of their tuberculous lesion. 

In addition to tuberculous lesions causing symptoms, there are other 
disease conditions detected, which, when properly treated, also give the 
children better opportunities to overcome their latent tuberculosis. 

In this special school for tuberculous children an attempt is also made 
to provide sufficient energy and to build up the body through foods. The 
diet consists of cooked cereal, whole milk, and sugar, with a caloric value 
of 100 for the morning meal, easily digested foods with a caloric value 
of 900 to 1200 calories for the noon meal, and at 3:30 a meal consisting 
of cereal, milk, and sugar with a caloric value of 100. 
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The building is well ventilated, but since the report of the New York 
State Ventilation Commission we have not kept the temperature of the 
rooms as low as formerly. In fact, a temperature of approximately 68°, 
with the proper humidity and circulation, has been found very satis- 
factory for class-rooms. This has added much to the comfort of the 
children, as well as that of the teachers and nurses. We feel that our 
children have done just as well, and perhaps better, than during the days 
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when we exposed them to extreme temperatures, believing that it was 
the inhalation of cold air which had such beneficial effects in the treat- 
ment of tuberculosis. 

Since the opening of Lymanhurst School, 826 cases have been admitted. 
Figure 1 shows the average increase in weight of the children whom we 
have treated. ‘Table 1 shows where the children have been referred upon 
discharge from Lymanhurst. It will be seen that 301 children were in 
such condition that the Staff felt they could safely return to the regular 
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school routine. However, there were 224 in such condition that a 
fresh-air school, where they would receive special care, was indicated. 
Thirty-seven enrolled children in the school developed symptoms or 
findings which convinced the Staff that they should be in a sanatorium. 
In addition to this group, 46 children who were in the Lymanhurst ward 
for observation were also referred to the sanatorium. Eight cases were 
referred to the Dowling School for Cripple Children, 3 to other hospitals 
and 3 to special classes, such as those for mental cases, sight-saving, etc. 
Two children died, but not from tuberculosis. They developed diph- 
theria, and were referred to other hospitals for treatment. 

Because of the limited capacity, it is impossible to keep children in the 
Lymanhurst School as long as we believe they should remain there. The 
average length of stay has been twelve and one-half months. The Staff 
is firmly convinced that any child found to have latent tuberculosis 
should be given this special care just as long as it remains of school age 


TABLE 1 


Total number of children admitted to Lymanhurst 
Number of children now enrolled in Lymanhurst 
Recommendations on discharge from Lymanhurst School 
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and perhaps for a long time afterward. We have had a few children 
whom we believed to have their disease well under control when they were 
discharged from the Lymanhurst School, but upon returning to the 
regular school routine and to strenuous play their disease resulted fatally. 
This might have occurred if they had remained at Lymanhurst, but, if so, 
we would have felt that the best had been done for them. The following 
quotation by Flocken concerning three of these cases offers the very best 
advice that can be given concerning children with latent tuberculosis: 


These histories serve to emphasize the great importance of long and uninter- 
rupted observation in cases of this kind. An intermission even of several 
months during which the patient may gain remarkably in weight and strength, 
the cough and sputum may disappear, sinuses may cease to discharge, and the 
temperature may remain practically normal should never be allowed to lull 
us into a feeling of false security. Lack of vigilance during such periods is 
inexcusable for sometimes, even in a few weeks, there occur unexpectedly rapid 
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and marked extensions in tuberculous lesions which have been quiescent for a 
considerable time or which may even have been considered healed. Should 
such changes occur during a period when observation is interrupted or relaxed, 
the patient may lose the chance to undergo treatment which if instituted at 
this time may prolong his life but which later may be of little avail. 


After six years of experience with children suffering from latent tuber- 
culosis we are convinced that in every city there should be provided at 
least one school, as a part of the regular school system, which admits 
children with latent tuberculosis. After careful study is made of the 
school children, there will be no question about securing a sufficient 
number of candidates to keep such a school occupied. In the large 
cities more than one school of this kind should be provided. In the 
smaller cities and towns, where it is not feasible to provide special schools, 
a certain number of rooms could be set aside for the teaching of children 
with latent tuberculosis, while they are conserving energy, are under 
careful medical and nursing supervision, are receiving the proper food in 
the right amount, and are having attention paid to the circulation, tem- 
perature and humidity of the air. 

If such a plan can be worked out for many cities we are convinced that 
not only would many children with latent tuberculosis be saved from 
clinical disease in later life but that a sufficiently large number would be 
saved from early death to warrant all necessary expenditure. I feel justi- 
fied, therefore, in strongly recommending the development of special 
schools and facilities for the treatment of children with latent tuberculo- 
sis everywhere. The period of life under consideration is most favorable 
because the body resists the disease better than at any other time. 
Moreover, the child is very susceptible to good health teaching, and the 
best place to administer both the treatment and the teaching is in a 
special school. I also feel justified in strongly recommending that chil- 
dren with latent tuberculosis be retained in special schools for the tuber- 
culous over long periods of time, first, because such periods increase the 
safety of the children, and second, because they offer opportunities to 
increase our knowledge of tuberculosis. 
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THE EVOLUTION OF TUBERCULOUS INFECTION IN 
CHILDHOOD 


OBSERVATIONS ON CHILDREN ADMITTED TO A DISPENSARY 
OVER A PERIOD OF TWELVE YEARS!?:? 


CHARLES R. AUSTRIAN 


The endemic distribution of tuberculosis in civilized communities was 
known to clinicians and pathologists for many years before the univer- 
sality of tuberculous infection was demonstrated by means of the tuber- 
culin test of Pirquet. Studies of large groups of individuals tested with 
tuberculin, cutaneously applied, disclosed the relative infrequency and 
gravity of infection during infancy and the rising incidence of infection 
from year to year, until approximately 90 per cent of city-dwelling 
populations were affected by the age of 20, but, although millions of 
individuals were tested with tuberculin, as Krause (1) pointed out in 
1922, ‘“‘None was studied over a period of years sufficiently long to in- 
dicate what was the evolution of the infection, the frequency with which 
it was obliterated, the accessions and recessions of its activity or how 
often manifest disease developed from it.” Despite the lack of proved 
data, the impression gained acceptance that infection once acquired was 
permanently established, even though it might not result in clinical 
disease, and that sensitiveness to tuberculin, once developed, was a per- 
manent acquisition. This viewpoint influenced our ideas concerning the 
relative importance of a tuberculous infection acquired in childhood and 
that of later exogenous infection in the causation of clinical tuberculosis 
in adult life. To solve this question, it is important that infected 
children be observed through adolescence to maturity so that the 
development of the individual, the appearance or nonappearance of 
disease, and the constancy or the variation of the sensitiveness to tuber- 
culin can be noted. A study of the kind may give accurate knowledge 


1From the Tuberculosis Dispensary of the Johns Hopkins Hospital, and the Kenneth 
Dows Tuberculosis Research Fund of the Johns Hopkins University and Hospital, Baltimore, 


Maryland. 
2 Presented at the forty-second annual meeting of the Association of American Physicians, 


Atlantic City, New Jersey, May 4, 1927. 
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of the permanence and of the evolution of early infection, of the frequency 
of-exogenous reinfection during youth and of the relation it may have 
to the subsequent development of disease. 

In 1915-1916 such a survey was initiated at the Tuberculosis Dispen- 
sary of the Johns Hopkins Hospital. A series of children admitted to 
the clinic, either because of illness or of exposure to tuberculosis, or 
merely for observation, were assembled. ‘The history of each child in- 
cluded not only a record of past illnesses, of present symptoms, and of 
known exposure to tuberculosis in the home or elsewhere; but in many 
instances detailed investigations of possible intimate contact with ac- 
tively tuberculous patients were carried out. If there was a phthisical 
person in a child’s home, investigation was made to learn whether or 
not that individual had active disease and, if he had, repeated examina- 
tions of his sputum were made to determine whether or not tubercle bacilli 
were being expectorated. Through the study of such data not only 
could the influence of exposure to tuberculosis in the home be demon- 
strated, but the relative menance of the group with positive sputum 
would be indicated. 

Complete physical examinations and roentgenographs of the chest of 
the contacts were made at intervals. The method of testing with tuber- 
culin was that recommended by Pirquet. This test was used because 
its value is established, it is easily carried out, it leads to no harmful re- 
sults and it has been widely used in other surveys. Although we have 
at all times been fully alive to criticisms that might attend its employ- 
ment, it was not abandoned in favor of the more sensitive intracutaneous 
test of Mantoux, particularly in order to render our findings as to inci- 
dence more nearly comparable with the findings of other investigators 
of the past. The technique was essentially that developed originally 
by Pirquet. Two scratches, about 5 cm. apart, were made with a sterile 
scalpel in the skin of the flexor surface of the forearm cleansed with 
alcohol. This method is less painful than when a borer is used, and it 
causes less traumatic reaction. To one incision was applied a drop of 
pure tuberculin (O.T.), prepared in the Kenneth Dows Tuberculosis 
Research Laboratories of the Johns Hopkins Hospital, and to the other 
a drop of physiological saline solution or of 50 per cent glycerine-broth. 
These solutions were allowed to remain on the skin for five or ten minutes, 
so as to permit maximum absorption. The lesions were inspected at 
the end of twenty-four and forty-eight hours, and the reactions about 
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the sites of application of tuberculin and of the control solution were 
compared. ‘The results of the test are designated: 


1, Negative, when there was no appreciable difference between the two areas. 
2. Slight, when the area to which tuberculin was applied showed infiltration 
and a small areola of redness. 

3. One plus (+), when a definite papule with a surrounding area of erythema 
at least 5 mm. in diameter developed. 

4. Two plus (++), when there was more marked infiltration and a wider 


areola of erythema. | 
5. Three plus (++-+), when there was an unusually marked infiltration, 


widespread redness or vesiculation. 


The initial observations of the children included in this study were made 
in the years 1915 to 1919. 

A preliminary collation of the data was made at the end of five years 
(1920). In 1923 a second review was made, giving the status at the 
end of eight years, and these findings were reported in a lecture (2) to the 
Trudeau School of Tuberculosis, Saranac Lake, New York. The study 
has been continued, and now, at the end of twelve years, the findings 
have been reassembled and reviewed, as presented below. 

The series included originally 617 children. In 1919-1920 only 133 of 
them returned for examination and Pirquet tests were made on 97 of 
these. In 1923 only 50 came for review, in spite of the diligent co- 
operation of competent social workers. 

In table 1 the results of the Pirquet test in 1915 and in 1920 are 
recorded. 

The survey made in 1920 showed an increase in the number of those 
reacting positively with the superficial cutaneous test, the accretion 
(11.85 per cent) paralleling that observed generally with increasing age. 
It showed that the maximum percentage of infection (77.7 per cent) is 
encountered in those children residing in homes in which the presence 
of open tuberculosis had been demonstrated, but indicated that infection 
was not more prevalent among children exposed to clinically tuberculous 
relatives who were not excreting tubercle bacilli than among those with- 
out known exposure within the home. In 63 of the 97 children tested 
with tuberculin, not only at the time of the original examination and in 
1920, but at intervals during the interim, the reaction decreased or in- 
creased in intensity from time to time, but no correlation between the 
varying intensity of the reaction and variations in the clinical status of 


| 
e€ 
107 
l 


504 CHARLES R. AUSTRIAN 


the children could be established. In 34 the reaction was unaltered. Of 

special interest was a group of 10 children (10.31 per cent) who had 

reacted positively to the Pirquet test in 1915-1918 and who failed to 

develop a reaction when tested in 1920, despite the fact that none was 

ill or had an infectious disease that might have caused a state of anergy. 
TABLE 1 


Among the 133 children returning for reéxamination in 1920, the result of the Pirquet test made 
at the time of their reappearance was as follows 


Number of cases in which a reading of this return test was not secured 

Positive reactions 

Percentage of positive reactions among the 124 whose test was completed and 
recorded, 1915-1916 

Negative reactions 

Percentage of negative reactions among the 124 whose test was completed and 


recorded, 1915-1916 


Percentage of this result among the 97 who had tests made and recorded on 
each occasion 


Percentage of this result among the 97 who had tests made and recorded on 
each occasion 


Intensity of the reaction in 1915-1916 contrasted with that noted in 1919-1920 


PER- 
CENTAGE 


Reaction apparently unchanged 35.05 
Reaction apparently diminished in intensity 35.05 


Reaction apparently increased in intensity 29 .90 
100 .00 


Comparative incidence of the Pirquet reaction among the two groups of children 


PER- PER- 
NATURE OF GROUP centace | NEGATIVE) contacE 


517 in the period, 1915-1916 65.57 178 34.43 
124 in the year 1920 77.42 28 22.58 
Increase of positive percentage 11.85 
Decrease of negative percentage 11.85 
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Table 2 shows that the survey made in 1923 gave analogous findings. 


TABLE 2 
The results of Pirquet tests on 50 children who returned for observation in 1923 


Positive reactions 

Percentage of positive reactions among the 50 children retested 

Negative reactions 

Percentage of negative reactions among the 50 children retested 

Number of children reacting positively in 1915-1916, but negatively in 1923 
Number of children reacting positively in 1919-1920, but negatively in 1923 
Number of children reacting negatively in 1915-1916, and positively in 1923 


Intensity of the reaction in 1923 contrasted with that in 1919-1920 


Positive reaction apparently unchanged 

Positive reaction apparently diminished in intensity 
Positive reaction apparently increased in intensity 
Negative reactions unchanged between 1915 and 1923 


The incidence of tuberculosis among the families of the 133 children who returned for reéxamination 
in 1920 may be summarized as follows 


Clinical tuberculosis known to exist (53 of the patients had bacilli in the sputum) 
Among close family connections: 
In the case of parents 
Among brothers or sisters 


Among collateral branches: 
Uncles and aunts 
Grandparents 


Total, all known cases of tuberculosis 
Doubtful cases of “lung trouble” 
No history obtainable by reason of lack of competent interpreter 
No clinical tuberculosis discovered after careful questioning 


Total, all returns 


As was to be expected, the number of those reacting positively with the 
Pirquet test had increased, and now of those who showed positive re- 
actions five reacted with the same intensity, five reacted more in- 
tensely, and five less intensely than they had when tested on other 
occasions. Included in the group of 25 children who reacted negatively 
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at this time were seven who had reacted positively in 1915-1916 and 
three more that had reacted positively in 1920, but of the ten that had 
ceased to react to the Pirquet test were seven who had shown a loss of 
reactivity between 1915 and 1920. 

The variations of the response to the superficial cutaneous test in- 
dicated that there was an ebb and flow of the activity of the tuberculous 
infection from time to time, suggested that such an infection might even 
die out, and demonstrated that reactivity to tuberculin is not always 
constant. 

With the passage of years, it has become increasingly difficult to recall 
large numbers of the original group to the Dispensary. Many of them 
have grown to manhood or womanhood, or have migrated to other lo- 
calities and cannot be traced. Some report that they are well and refuse to 
come for examination. As a consequence, in the period from November, 
1926, to April, 1927, only 38 returned for observation and, of these, 34 
reported to have their reactivity to tuberculin tested, and these findings 
are shown in table 3. 


TABLE 3 
Results of Pirquet test on 34 patients who returned for observation in 1926-1927 


Percentage of positive reactions among the 34 retested................2205- 58 .82 
Percentage of negative reactions among the 34 retested................005- 41.18 

Number reacting positively in 1915-1916, but,negatively in 1926-1927....... None returned 
Number reacting positively in 1919-1920, but negatively in 1926-1927....... 7 


Number reacting positively in 1923, but negatively in 1926-1927............ 


Intensity of reactions in 1926-1927 contrasted with that in 1915-1923 


This most recent review of the response to the Pirquet test confirmed 


the data brought out by the two previous studies. Seven individuals 
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showed a positive reaction of unchanged intensity, 6 showed increased 
reactivity, 4 diminished reactivity, and in 4 the response was of different 
degree on the several occasions when it was determined. There have 
been 14 individuals who reacted negatively whenever they were tested 
since they were first examined. Seven that reacted positively in 1919- 
1920 and one that reacted positively in 1923 reacted negatively in 1927. 

This last group of 8 individuals and one other child that had reacted 
negatively in 1921, positively in 1923 and negatively again in 1926, like 
the similar groups referred to in the two earlier surveys, emphasizes the 
fact that a period of reactivity to tuberculin may be succeeded by a period 
of diminished reactivity, and this in turn may be followed by a period 
of increased response. Moreover, such fluctuations are noted even 
when infection has occurred in infancy or in very early childhood. 

However one may regard the probability that a complete obliteration 
of a tuberculous infection may occur, these facts demonstrate that al- 
lergy in an infected man, as in an experimental animal, may and does 
vary from time to time. As the interval from the time of infection in- 
creases, the response to tuberculin may decrease to a minimum, provided 
anatomical progression of the focus does not develop. If endogenous or 
exogenous reinfections occur, or if existing foci develop further, sensi- 
tiveness is rearoused or increased, and the response to clinical tests be- 
comes enhanced. Thus, it is clear that the value of a single test is 
limited. It discloses only the presence and the intensity of the reac- 
tivity at a given time, but does not foretell what the evolution of that 
response will be, nor does it indicate whether the infection responsible 
for it will subside or will lead to the development of clinical disease. 
The intensity of the response will continue to lessen provided the retro- 
gression of an infection is not interrupted, but it may be augmented from 
time to time by recrudescences of the original infection or by reinfection 
of undetermined origin. 

Measured by the Pirquet test, reactivity may be lost completely, and 
it might be assumed that all infection had been obliterated and that a 
subsequent reactivity to tuberculin was evidence of a new exogenous 
invasion by the tubercle bacillus. However, the Pirquet test, though 
sufficiently refined to discover changes of reactivity, is a relatively gross 
measure of sensitiveness to tuberculin, and in some respects a less delicate 
gauge than the intracutaneous test. Therefore, the several individuals 
whose superficial cutaneous reaction had diminished from a positive to 
a negative one were retested by the intracutaneous inoculation of 0.01 
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mgm. of Old Tuberculin. All of them developed positive reactions of 
mild grade though they reacted negatively with the Pirquet test given 
simultaneously. It must be concluded, therefore, that although in these 
individuals sensitiveness to tuberculin had diminished greatly, it had 
not been lost entirely. 

Most statistics of the incidence of tuberculous infection have been 
based on the results of the Pirquet test, and the foregoing data indicate 
that the rising curve of infection with advancing years has been modified 
by the subsidence of reactivity in an undetermined percentage of those 
attacked by the tubercle bacillus. In other words, the number shown 
to have been infected at any age will fail to include those whose initial 
response to tuberculin was too slight to be discovered by the Pirquet 
test and others in whom superficial skin sensitiveness had decreased to 
the vanishing point, as measured by the Pirquet test. 

Radiographic examinations in 1926-1927 of the 32 individuals of the 
original group showed no significant pathological changes in 21, pul- 
monary fibrosis of moderate grade in 3, an enlargement of the mediastinal 
shadow in 5, and a basal infiltration in 2. 

Of the 21 individuals that showed no significant roentgenographic 
changes in 1926-27, eight had a positive Pirquet reaction and 13 reacted 
negatively. The 8 that reacted positively in 1926-1927 had reacted 
positively in 1920 or in 1923, two with the same intensity, and 6 more 
violently when previously tested. Of the 13 that reacted negatively, 6 
had reacted positively on one or more occasions between 1915 and 1923. 
One of the latter group had shown a 3-plus response in 1919 when one 
year of age. 

The incidence of positive reactions (Pirquet) in those whose roent- 
genographs showed enlargement of the mediastinal shadow, with more or 
less localized infiltration of the inner zone of the lung, was approximately 
the same as it was in a corresponding group of 84 individuals reviewed 
in 1923. Of five that showed no alteration of the roentgenographic 
shadows between the years 1915 and 1927, four had a markedly positive 
reaction (2-plus or 3-plus, whenever tested from 1915 to 1927) and one 
that had a positive reaction in 1919 reacted very slightly in 1927. Ap- 
proximately 50 per cent of this group gave a history of exposure to tu- 
berculosis in the home, and more than 50 per cent showed either 
hypertrophy of the tonsils or adenoids, or enlargement of the cervical 
lymph nodes. 

The Pirquet reaction was positive in the three patients who showed 
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evidence of pulmonary fibrosis. The intensity of the response was un- 
changed in one, increased in one, and less intense in one than it had 
been on other occasions in the preceding eight to twelve years. 

Had the original interpretation of the films made in 1915 to 1923 been 
accepted without a review of the films themselves, and had these recorded 
changes been compared with those noted in 1926-1927, in many instances 
a retrogression of the lesion would have been indicated, but direct and 
renewed comparison of the old and of the recent films showed that the 
pulmonary fibrosis and the mediastinal enlargement in all of the eight 
cases in which it was present had remained unaltered. 

This observation is important, not only because it demonstrates as 
did the previous reviews, that such pathological changes may remain 
stationary roentgenographically even in very young individuals, but be- 
cause it emphasizes the progress that has been made in the interpretation 
of radiographs, and stresses the need of direct comparison of old and new 
radiographic films in individual cases before concluding that progression 
or retrogression of foci of disease has taken place. 

No very conclusive information is available concerning the develop- 
ment of clinical tuberculosis in the group studied, inasmuch as it is too 
small. That none of those that returned showed signs of clinical tuber- 
culosis is another indication that the number of young individuals ex- 
posed to tuberculous infection who develop tuberculous disease is rela- 
tively small, provided contact with the infecting source is abolished when 
its existence has been established and provided ordinarily good hygienic 
and dietetic regimens are maintained. Always pertinent in this con- 
nection is the paradoxical fact, noted everywhere, that, between two and 
ten or twelve years of age serious morbidity and mortality from tuber- 
culosis decline markedly while opportunities for infection increase 
greatly. There must be much more to the development of active and 
progressive tuberculosis in childhood than quantitative relations of exog- 
enous infectious agent and host. | 

In the period from 1915 to 1923 one of the apparently normal chil- 
dren who had reacted positively to the Pirquet test died. He was a 
boy aged four, whose mother had active pulmonary tuberculosis for 3 
years before her death. ‘The child is said to have died with tuberculous 
meningitis in 1920. 

In the period, 1923-1927, two more of the series died. One (23), a 
negro girl aged 6 years in 1915, had tuberculous cervical adenitis and 
pulmonary tuberculosis when first examined. She was treated in sana- 
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toria, and progressed satisfactorily until April, 1924, when her health 
began to fail and in June of that year she died. Postmortem examina- 
tion showed disseminated tuberculosis. The other, a negro boy (453), 
aged 4, in 1917 had phlyctenular conjunctivitis, cervical adenitis and 
mitral insufficiency. His response to the Pirquet test was marked, 
with vesiculation. In 1920 he showed generalized enlargement of 
the lymph nodes, signs of acute nephritis, and an unchanged Pirquet 
reaction. In 1922 his general condition was improved, the adenitis was 
less marked, aud the mitral insufficiency was still fully compensated. In 
1924 he developed signs of myocardial failure and died. Postmortem 
examination showed a fibrinous pericarditis, cardiac dilatation and 


_ hypertrophy, and an old lesion of the mitral valve, but no signs of 


tuberculosis. 


CONCLUSIONS 


In summary, the study of a group of individuals observed at intervals 
through a period of 8 to 12 years demonstrates that 

1. Though the maximum opportunity for tuberculous infection of the 
child is present in the homes of the actively tuberculous, extradomiciliary 
and extramural foci are also important sources of early contamination. 

2. The variations of the response to the Pirquet test indicate that 
tuberculous infection may vary in degree from time to time, even when 
it has been acquired in earliest childhood. 

3. Roentgenographic evidences of moderate enlargement of the me- 
diastinum, of slight fibrosis of the lungs, or of old localized infiltration 
of the base of the lungs remain unaltered through a period of years, even 
when they are present in young children that react positively to tuber- 
culin when tested according to the method of Pirquet. 

4, The number of young individuals exposed to the risk of tuberculous 
infection that will develop clinical tuberculosis is relatively small if 
contact with the source of infection is removed, and good conditions of 
hygiene and of diet are established. 
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CHRONIC NONTUBERCULOUS PULMONARY INFECTIONS 
A Review of 700 Chest Cases! 
KENNON DUNHAM anv JOHN H. SKAVLEM 


Chronic nontuberculous lung infections can and do result secondarily 
to infections in the upper air-passages, and can and do closely simulate 
pulmonary tuberculosis in symptomatology, physical signs, clinical mani- 
festations and X-ray chest findings. The association of nontuberculous 
chronic lung infections and infection in the upper air-passages is rela- 
tively common. Mistaken diagnoses in these cases is common, and the 
most frequent error is to call them pulmonary tuberculosis. The dif- 
ferential diagnosis between them and pulmonary tuberculosis is extremely 
important and many times very difficult. 

The first and most important step in the diagnosis of any chronic 
pulmonary infection is to determine whether or not one is dealing with 
pulmonary tuberculosis. In a great many cases the presence of the 
latter can be easily and quickly established by positive sputum ex- 
aminations or such definite physical or X-ray findings as to leave no 
doubt of the existing pulmonary pathological changes. But even in 
such cases in which pulmonary tuberculosis is shown to exist we must 
study the case, and answer whether or not the tuberculosis in the lungs 
has been or is of such extent and nature as to account for the patient’s 
past or present symptoms and complaints. We frequently find that we 
have a combination of pulmonary tuberculosis and some other focal infec- 
tion existing in the same patient. ‘The nontuberculous focal infection, 
be it in any part of the body, may be giving symptoms which are falsely 
being explained by pulmonary tuberculosis which is shown to exist but 
may be inactive. The problem is, first, to establish whether or not pul- 
monary tuberculosis exists; second, if pulmonary tuberculosis exists, 
can and does it explain the patient’s complaints and his past and present 
symptoms; third, if pulmonary tuberculosis does not exist, what is caus- 
ing the patient’s symptoms, and what has produced the abnormal phys- 


1 From the Diagnostic Centre, United States Veterans Bureau, Cincinnati, Ohio. 
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ical and X-ray chest findings which have led to suspicions of pulmonary 
tuberculosis, or perhaps a previous diagnosis of it. 

A definitely established diagnosis of pulmonary tuberculosis can be 
made by the history, physical examination, sputum examination and X- 
ray examinations of the chest. The X-ray chest plate is indespensable 
in the study of pulmonary tuberculosis. Without it a diagnosis cannot 
be made in many cases and, even though a diagnosis of pulmonary tu- 
berculosis can or has been established, yet stereoscopic X-ray chest 
films are absolutely necessary to study in detail and with accuracy 
the extent and nature of the pathological changes in the lung. The 
better we know and understand the exact changes within the lungs 
the better we can answer whether or not the patient’s entire clinical 
condition and his symptoms can be explained by the pulmonary tuber- 
culosis alone and thus the better direct treatment and venture prognosis. 

X-ray study of the chest and X-ray diagnosis have been fully described 
by us in previous papers. Such a study necessarily inyolves discussion 
of pulmonary anatomy and pathology. This has been given in a con- 
densed form in another paper. In that discussion we aimed only to 
describe the typical adult type of pulmonary tuberculosis. More com- 
prehensive consideration of the subject is included in other writings. 

Given a patient, who has symptoms referred to the chest, such as 
cough, expectoration or blood-spitting, one also showing loss of weight 
and fever and who has abnormal physical signs over the chest as well, 
then our first step in the diagnosis is to determine whether or not pul- 
monary tuberculosis is present. The most important aid in reaching 
this conclusion is stereoscopic X-ray chest films. We do not wish to 
leave the impression that the physical and laboratory examinations are 
not to be done, but the X-ray chest plate enables us in many cases to 
state that pulmonary tuberculosis does not exist. 

When we have so ruled out pulmonary tuberculosis, we are then con- 
fronted with further differential diagnosis to determine what pathological 
changes do exist in the lung, to give the symptoms and abnormal find- 
ings observed. Of the nontuberculous chronic pulmonary infections 
we must consider chronic bronchitis, bronchiectasis, unresolved pneu- 
monia or apical catarrh, pulmonary abscess, yeast infections, spiro- 
chaetal infections, and syphilis. The last three mentioned are distinct 
entities of specific etiology. The diagnosis of yeast or spirochaetal 
infection is made by finding the specific microérganisms in the sputum, 
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while syphilis of the lung is so little understood that a diagnosis, usually 
presumptive, can only be made by exclusion and therapeutic tests. 

While studying in our private practice such chronic pulmonary infec- 
tions as chronic bronchitis, bronchiectasis, lung abscess, unresolved pneu- 
monia or apical catarrh, we were so impressed with the frequent 
occurrence of infection in the upper air-passages in these cases that we 
made it a routine practice to investigate the nose and throat by direct 
examination and by X-ray pictures of the nasal sinuses in every case. 
We found that in a large percentage of cases we could prove the exist- 
ence of infection in the upper respiratory tract. This infection in the 
nose or throat precedes the pulmonary infection and the condition in 
the lung is secondary to and is caused by the extension of the infection 
from the upper air-passages down into the lung. In 1922 we reviewed 
389 cases chosen from our private practice and published the results. 

It has been our good fortune to study a great number of similar cases 
in the Veterans Bureau Diagnostic Centre in Cincinnati during the past 
two years. We have reviewed the first 700 cases with chest manifes- 
tations and diagnoses discharged from the Centre between February 
1925 and March 1927. 

The results of this review are as follows: 


Total cases with chest manifestations and diagnoses 

Cases admitted with diagnosis of pulmonary tuberculosis 

Cases in which the diagnosis of pulmonary tuberculosis was substantiated 
Cases in which the diagnosis of pulmonary tuberculosis was changed at 
the Centre ; 

Cases in which the diagnosis of pulmonary tuberculosis was given for the 
first time at the Centre 

Percentage of cases in which the diagnosis of pulmonary tuberculosis was 
changed 


Of the 166 cases in which the diagnosis of pulmonary tuberculosis was 
changed, 146 cases showed either infection in the upper respiratory tract, 
chronic nontuberculous lung infections, or combinations of the two. 
Of the 89 cases showing chronic nontuberculous pulmonary infections, 
64, or 71.8 per cent showed infection in the upper respiratory tract. 
The others gave either a history of severe attacks of influenza, or empy- 
ema, or exposure to gas, or they presented heart lesions. 
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The classification of the 166 cases in which the diagnoses of pulmonary 
tuberculosis were changed is as follows: 


Nasal sinus infection with no lung infection................eeeeeeeeees 57 
Secondary to infection in upper air-passageS..............06eeeeee 54 
Secondary to infection in upper air-passages............2+0eeeeees 10 
Miscellaneous diagnoses outside of chest............0ceeeeeeeeeeeecees 6 


In addition to the cases in which the diagnoses of pulmonary tuber- 
culosis were changed, diagnoses of chronic nontuberculous pulmonary 
infection were made in 75 other cases at the Centre. In many of these 
cases the chronic nontuberculous pulmonary infection was present as 
complications in cases of arrested pulmonary tuberculosis. The classifi- 
cation of these 75 cases is as follows: 


Secondary to infection in upper air-passageS..............00eeeees 55 

Secondary to infection in upper air passages..............0.eeeeees 9 


It is thus seen that, of the total 164 cases of chronic nontuberculous 
lung infection reviewed in this series, 128, or 79.2 per cent showed infec- 
tion in the upper respiratory tract. 

Since publishing the results of our review of cases in 1922, a new 
method of study of the respiratory tract has been developed. By the 
use of iodized oil injected into the bronchi we are better able to determine 
the size, shape and distribution of the bronchi as seen on X-ray chest 
films. Before the advent of this method we had always carefully inves- 
tigated the bronchi and their distribution, and detailed classification of 
the divisions of the bronchi in the lobes of each lung had been worked out 
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and published by one of us. This classification has recently been ac- 
cepted by the National Tuberculosis Association in the standardization 
of reading X-ray chest films. The study of the distribution of the bron- 
chi, as shown on X-ray chest films, is the method of localizing the various 
lobes of the lungs and of localizing pathological lesions within the lobes. 
It is founded on anatomical dissections, corrosion specimens and con- 
structed wax models, with the work of William Snow Miller as our guide. 

It has been a great satisfaction to see that the examination of the bron- 
chi with the use of iodized oil has fully confirmed and verified all of our 
previous classifications and teachings about the distribution and arrange- 
ment of the bronchi. But the iodized oil has added to our ability to 
visualize more clearly the exact size and shape of the bronchi, and this 
demonstration is especially valuable in cases of bronchiectasis. It 
shows clearly the extent and character of the dilatation of the bronchi. 
Before the use of iodized oil, we had to depend largely on the symptoms, 
history and character of the sputum to make a diagnosis of bronchiec- 
tasis, for X-ray chest plates might, on occasion, show little or nothing 
abnormal. In quoting from another article of ours we state 


In a case of bronchiectasis, little or nothing abnormal may be made out on an 


X-ray plate. Usually the only finding is a noticeable increase in the width 
of the trunks running to the bases or in a particular area. But even 
this may be absent. In such a condition, the demonstration by the 
X-ray film of the absence of tuberculosis, the history, symptoms and sputum 
analysis together with possible thickened trunks on the X-ray film makethe 
diagnosis for us. 


In the 700 cases reviewed we have found 26 of bronchiectasis. In 
these 26 cases infection in the upper air-passages was found in 19, or 
73 per cent. In the other 7 cases there was either a definite history of 
exposure to gas, or severe influenza, or empyema. ‘The diagnoses of 
infection in the upper air-passages in all of these cases were made by 
Dr. Walter Murphy or Dr. S. Iglauer, our nose and throat consultants. 
The diagnosis of infection in the nasal sinuses was based on positive 
X-ray examinations and positive findings by direct examinations. 

The path of extension of the infection from the nose and throat to the 
lungs must be either directly down the lumen and over the mucosa of 
the air-passages into the lung, or else by the blood-stream, either from 
the nose or throat or the mediastinal lymph nodes. We wish to state 
emphatically that the infection does not and cannot travel from the nose 
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and throat through the lymphatics in the neck into the mediastinum 
and directly out into the lung by lymph-vessels. This is impossible, 
because normally there is no such direct flow of lymph in its vessels 
from neck to mediastinum into thelungs. It is true and has been demon- 
strated by Mullen that foreign particles, introduced into the nose, can 
be followed in their course of transit from the nose and throat into the 
cervical lymphatics, through the chain of cervical lymph nodes, and fin- 
ally down into the lymph nodes of the superior and posterior medias- 
tinum. But from that point there is no normal lymph-flow from the 
mediastinal lymph nodes or the hilum nodes out into the lung. The 
normal lymph-flow in the lung is from the parenchyma to the hilum, 
except for a narrow strip of lung tissue immediately underneath the 
pleura which can drain toward the pleura. This normal flow of lymph 
is governed by valves along the lymphatics, the presence and arrangement 
of which have been shown by Miller. There is never any spread of any 
infection from the mediastinum or hilum out into the lungs by the lym- 
patics unless the valves are broken down and the normal flow of lymph 
reversed in this area, and such a condition has never been shown. It is 
probable that by far the greater part of infection is borne from the nose 
and throat directly down the air-passages and over the mucosa into the 
lungs. It is known that in almost every case of chronic nasal infection 
that there is long-continued postnasal discharge. Undoubtedly much of 
this postnasal secretion makes its way. down the trachea and into the 
bronchi. The ease with which fluid can make its way down the bronchi 
and out into all parts of the lungs is demonstrated by the injection of 
iodized oil into the trachea. During such an intratracheal injection the 
course of the oil can be closely followed under the flouroscope and by 
X-ray chest films. It is an interesting observation and phenomenon to 
see some of the oil make its way even up into the upper lobes while the 
patient is in an upright position. There is a pull or decreased pressure, 
which can and does draw the fluid even upward into the various parts 
of the lungs. But the possibility of infection being blood-borne from 
the nose and throat or from the mediastinum into the lung is possible, 
and does occur. Chrdnic infection in the upper air-passages, especially 
nasal sinus disease, gives rise to repeated attacks of bronchitis. The 
bronchial condition soon becomes chronic, and the patient will be subject 
to prolonged spells of cough, expectoration and fever, especially in the 
autumn and spring and with quick change of weather. This chronic 
bronchitis, when of long standing, is very likely to develop bronchiectasis. 
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Unless a case of chronic bronchitis can be explained by a cardiac con- 
dition or previous exposure to deleterious gas or influenza it is well to 
seek the cause in the nose or throat. Of the 138 cases in this series, 109, 
or 78.2 per cent, showed infection in the upper air-passages. 

Unresolved pneumonia, either as extensive or as patchy lobular in- 
volvements, which, when localized in the apices, has been called apical 
catarrh, must always be carefully studied with reference to the condition 
of the upper air-passages. Some of the cases of patchy pneumonia or 
“apical catarrh” are most troublesome in diagnosis, because in these 
cases we may get localized rales heard over the apex of the lung. The 
X-ray chest films may show clouding of the pulmonary apex, and it is 
here that our ability to recognize pulmonary tuberculosis is taxed. 
Accordingly, many of these cases require periods of observation for 
careful study. Although we have seen none of them in the Diagnostic 
Centre, in our private practice and in the army camps this type of case 
was one of our most troublesome problems. Nevertheless, it is relatively 
common. ‘The fact that none have been seen at the Diagnostic Centre 
is explained by the circumstance that the patient has gone through the 
stage of apical catarrh or patchy pneumonia before he reaches the Centre. 
At some previous time he has presented symptoms and physical signs 
closely simulating pulmonary tuberculosis; so we find that many of these 
cases have been diagnosed as having pulmonary tuberculosis and have 
been hospitalized for it such; then, after such hospitalization and per- 
haps home treatment, the pulmonary infection clears up and the diag- 
nosis of pulmonary tuberculosis is challenged. When we see the case 
in the Diagnostic Centre; the physical and X-ray examinations of the 
chest are negative, but almost invariably evidence of infection in the 
upper respiratory tract can be found. Undoubtedly many such cases 
are included in the series of 57 cases in which the diagnosis of pulmonary 
tuberculosis was changed, and nasal sinus infection with no pulmonary 
infection was found at the Diagnostic Centre. In all of these cases the 
sputum will have been persistently negative for tubercle bacilli, although 
repeated examinations have been made. It may be pointed out that 
this is the type of case that represents many of the remarkable cures 
of pulmonary tuberculosis in private and government hospitals. 

Again, the nose and throat must be carefully examined for possible 
infection in cases of unresolved lobar pneumonia with unusually pro- 
longed convalescence. In the treatment of all cases of pneumonia it is 
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wise to make special efforts to keep the nasal passages clear and free from 
infection. 

We see very few lung abscesses in the Diagnostic Centre, but the his- 
tory and present physical and X-ray examinations may give definite 
evidence that the condition has existed. Unless the etiology of the lung 
abscess can be explained by specific infection, such as yeast or spiro- 
chaetal, or has resulted as a complication of surgical operation on the 
nose, mouth, throat or chest, or is the sequel of unresolved pneumonia, 
the cause should be carefully sought in the nose or throat. 


CONCLUSIONS 


1. Chronic nontuberculous lung infections can and do result second- 
arily to infection in the upper air-passages. 

2. These nontuberculous lung infections closely simulate pulmonary 
tuberculosis in symptomatology, physical signs, clinical manifestations 
and X-ray findings. 

3. The first step in the diagnosis of any chronic lung infection is to 
determine whether or not pulmonory tuberculosis is present. 

4, Seven-hundred cases with chest manifestations or diagnosis are 
reviewed. 

5. The close association between infection in the upper air-passages 
and the lungs is shown. 


We wish to express our appreciation to Dr. Margaret Stewart for her able assistance 
in reviewing these cases. 


THE TEACHING OF DISEASES OF THE CHEST 
J. A. MYERS! 


The teaching of thoracic diseases should begin early in the sophomore 
year of the medical school, just as the students have finished their gross 
anatomy, histology and embryology, and while they are studying pathol- 
ogy, physiology and neurology. This is an ideal time to begin diagnosis 
because the various branches of anatomy are still fairly clear in the 
student’s mind, and he is studying the functions of the organs together 
with the diseases which affect them. 

In the University of Minnesota diagnosis of diseases of the chest begins 
with a three months’ course on the physical and X-ray findings in the 
normal, and also with a practical consideration of the anatomy and phys- 
iology of the chest. This course consists of both didactic and practical 
work. An outline is provided, and the students are allowed to work in 
groups of two or four, with an instructor in charge of each section of 
twelve. We attempt to make them as familiar as possible with the find- 
ings over the living normal chest. They are then required to pass an 
examination before they are permitted to begin work on the diagnosis of 
disease. They learn the various percussion notes and where, over a 
normal body, each one may be elicited: flatness over the muscles, such 
as the biceps, dulness over the scapula, resonance over the lung tissue 
beneath the angle of the scapula, hyperresonance over the same area 
when the subject takes a deep breath and retains it, tympany over the 
larynx or over the abdominal viscera containing air. They become 
acquainted with the various breath-sounds, such as loud bronchial 
breathing over the suprasternal fossa, cavernous breathing over the 
occiput, bronchovesicular breathing usually over the right apex, vesicular 
breathing over the greater part of the normal lung. Knowing where 
these and other signs may be elicited normally, the students are thus 
equipped with normal standards for each individual patient; they have 
learned all this without jeopardizing the health of patients; and they are 
now ready to examine ill patients’ with little danger to the sick man. 


1 Department of Preventive Medicine, University of Minnesota, Minneapolis, 
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The students are next taken to the hospitals for a period of three 
months, where instructors first demonstrate signs of the most advanced 
disease conditions available. They learn the findings over pleural 
effusions, or over pneumothoraces, cavities, areas of consolidation, early 
infiltration, areas of thickened pleura,etc. Once they have such minutiae 
well in mind, they are assigned patients with various disease conditions 
from the minimal or even negative to the most advanced. They devote 
the rest of the time not only to these extreme conditions but to all inter- 
mediate stages. All of this is done in the sophomore year. 

For several years I have offered an elective course on diseases of the 
chest which is open to sophomores, juniors and seniors. In the beginning 
a few students elected this course; at present fifty-two are carrying it. 
These students are given thirty-three lectures and thirty-three hours of 
practical work. The practical work is carried on in dispensaries and 
hospitals. In the dispensary the students see patients as they come to 
the physicians’ offices,—ambulatory patients; some who should long 
since have been bed patients because of the advanced stage of their 
disease but who are still ambulatory; others who have been exposed to 
the disease but have none. During a period of three months the students 
have an opportunity in various dispensaries to see every common condi- 
tion of the chest in all of its stages. They have an opportunity to follow 
the cases from week to week and from month to month. They not only 
see adults with tuberculosis, lung abscess, bronchiectasis, etc., but they 
go to the Lymanhurst School, where approximately three hundred chil- 
dren are examined every month. Here they see the difference between 
adult and childhood tuberculosis; they learn to apply and interpret 
cutaneous tuberculin tests, etc. 

This spring, on the suggestion of Dr. Krause, I attempted a new pro- 
cedure, which consists of assigning certain patients to the students to be 
observed and studied by them over many months or even during their 
entire stay in the University. For example, a sophomore student may 
have a patient assigned to him whom he sees at stated intervals over a 
period of two or three years. These students report to me several times 
each year on the progress of their patients. In this manner they have an 
opportunity to see the patient as the practitioner of medicine sees him, 
often from an early stage of the disease to its terminal stage, or, in the 
more hopeful cases, to the restoration of working capacity. Upon dis- 
cussing this feature of the course with the Dean of the School of Medicine, 
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I learned that it would not be feasible at this time to require all students 
to follow cases in this manner, but any who desired to do so would re- 
ceive credit for the amount of time devoted to it each year. Somewhat 
to my surprise, when the idea was presented to the class, a considerable 
number volunteered to have cases assigned to them; in fact, ever since 
then students have been inquiring whether they could not have assigned 
to them certain patients whom they have just seen and would like to see 
through the course of the disease. This plan promises to be the most 
successful that we have ever tried in the University of Minnesota. The 
student who has an interest in chest diseases has an opportunity to really 
learn something more than physical signs at one stage of the disease. 

In the senior year we send our students to our county institution, Glen 
Lake Sanatorium, for a period of three weeks. During that time they 
act as residents there, and the splendid medical staff has an excellent 
opportunity to teach them the diagnosis, classification and treatment of 
chest diseases. During the interne year some of our hospitals have 
affiliations with sanatoria where the interne spends four weeks or more 
in residence. This is true of the Ancker Hospital in St. Paul and the 
University Hospital in Minneapolis. 

Our aim in the teaching of chest diseases in the School of Medicine at 
the University of Minnesota is to acquaint the student with usual chest 
conditions which the general practitioner of medicine must meet. We 
assume that every student will become a general practitioner of medicine, 
and we try to equip him so that he will be able to diagnose at least 80 
per cent of the cases of tuberculosis as they now report to physicians and 
that he will also know how to treat his patients. 

For those who desire to become expert in chest work, the Graduate 
School of Medicine has provided training. This consists of periods vary- 
ing from a few days to three or more years, depending upon the amount of 
time the graduate in medicine desires to spend. A practitioner in active 
practice may spend a few days to a week, or as much longer as his time 
will permit, in intensive study of the chest. If a physician desires to 
take a fellowship in diseases of the chest, he may secure such a position, 
which consists of teaching in the various courses under supervision and 
of examining in the various dispensaries, at first under supervision and 
later independently, and which also provides for a few months to one 
year in residence in the various institutions for the tuberculous. For 
this graduate work in tuberculosis more than 2,000 beds are available, 
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in addition to a large dispensary material. One person who carried such 
a fellowship is now employed by Dr, Kennon Dunham of the University 
of Cincinnati, another by Dr. H. Longstreet Taylor of Pokegama, and 
another by Dr. Arthur T. Laird of Nopeming. Others are still in train- 
ing. Thus we have organized our work in the teaching of chest diseases 
so as to do all we can for the student of medicine, the general practitioner 
of medicine, and those who wish to specialize in diseases of the chest. 
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THE RELATION OF GLYCEROL IN CULTURE MEDIA TO 
THE GROWTH AND CHEMICAL COMPOSITION OF 
TUBERCLE BACILLI':?:3 


ESMOND R. LONG anp LUCY L. FINNER 


Chemical studies on the nutrition and composition of tubercle bacilli 
grown in the laboratory will attain their utmost significance only when 
closely correlated with the nutrition and growth of bacilli multiplying 
in the animal organism. Since the beginning of these investigations on 
the chemistry of the tubercle bacillus in which a number of us are codper- 
ating, I have been disturbed by one unanswered, and apparently for the 
present unanswerable, question. How*closely do our analyses of these 
laboratory bacilli approximate the constitution of tubercle bacilli growing 
within the human body? [assume it is the latter in which we are chiefly 
interested. 

As a matter of fact, there is a good deal of evidence that the chemical 
composition of the tubercle bacillus is modified by the composition of 
the medium upon which it grows. In view of the certainty that any 
tissue reaction to the tubercle bacillus is in reality a response to the pres- 
ence of certain specific constituents within the bacillus, it is important 
to know whether we are in a position to determine the nature of these 
substances as they develop 7m vivo. 

Certainly the most significant studies on the chemical composition of 
tubercle bacilli would be those on bacilli grown at the expense of the 
living animal host. It may be said with certainty, however, that with 
present methods it is impossible to carry out chemical analyses of any 
quantitative value on tubercle bacilli mechanically separated from tu- 
berculous lesions. Masses of tubercle bacilli are occasionally seen 
in tissues in fulminating tuberculosis, and sometimes large enough to 
be conspicuous even under low powers of the microscope. Yet even 
such masses, comparable to minute colonies growing on an agar slant, 


1 From the Department of Pathology of the University of Chicago and the Otho S. A. 
Sprague Memorial Institute, Chicago, Illinois. 
2 Aided by a grant from the National Tuberculosis Association. 
3 Presented at the twenty-third annual meeting of the National Tuberculosis Association, 
Indianapolis, Indiana, May 25, 1927. 
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fall far short of furnishing sufficient material for accurate chemical in- 
vestigation, even if they could be freed cleanly, probably an impossible 
task, from the necrotic tissue surrounding them in the tubercle. 

However, there is another approach to the problem that offers more 
hope of success. This is by the cultivation of tubercle bacilli in semi- 
permeable membranes inside the animal body. Our associate, Dr. Hou, 
who will report the results of his investigation elsewhere, in a large num- 
ber of attempts has on a few occasions been successful in cultivating 
small quantities of virulent tubercle bacilli within small cotton-stoppered 
tubes, containing a collodion-covered window, and embedded intraperi- 
toneally or subcutaneously in guinea pigs, the cotton-stoppered end 
projecting into the air. So far the amounts obtained by this method 
have been too small for analysis. 

As a possible substitute the analysis of tubercle bacilli grown on ster- 
ilized emulsions of organs is to be considered. However, this method is 
far from approximating living conditions, where circulating blood and 
diffusing plasma control nutrition. 

Whether or not future investigation may enable us to make chemical 
studies on the growth of the tubercle bacillus 7 vivo, with present facilities 
studies can still be made with profit on the part played by some of the 
constituents of our laboratory media which are known to occur in 
animal tissues also. 

Nutritional studies made in the past (1) have shown that of all food 
substances glycerol is of the most peculiar significance for the tubercle 
bacillus. In laboratory growth nitrogen is used by the bacillus in the 
same simple combinations utilized by other bacteria. But, whereas 
most other bacteria readily accept carbon from a great variety of protein 
derivatives and sugars and fatty acids, the tubercle bacillus is on a star- 
vation diet unless glycerol is present. Glucose can be utilized to some 
extent, but profuse growth is obtained in laboratory culture only when 
glycerol is already present, as in autoclaved egg or animal-tissue media, 
or provided it is added directly. 

Inasmuch as extended effort has failed to find a substitute for glycerol, 
permitting luxuriant growth of the bacillus, it seems altogether probable 
that glycerol is of the same importance in the growthof the tubercle bacil- 
lus in the human body. Glycerol is present in every human tissue, and 
probably in every living cell. Most of it is in the combined state as 
glyceride, that is, neutral fat, or as lipoid, but a small amount must be 
constantly free in the course of normal metabolism. 
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Simple calculation, based on the amount of fat in an average man of 150 
pounds weight, shows that about 100 gm. of glycerol is present in “the 
combined state. About 10 gm. enters each day in the food, and also 
in the combined state. Were all of the glycerol of the body fat in the 
free state, it would be sufficient to make up about 5 litres of culture 


0.5% 5.0% 7.5% 10.0% 12.5% 
PER CENT OF GLYCEROL IN CULTURE MEDIUM. 


Fic. 1 


medium containing 2 per cent glycerol, a concentration permitting fairly 
luxuriant laboratory growth. If the daily intake passed into the 
blood in the free state at a single moment, it would increase the blood 
concentration of glycerol by 0.2 per cent. 

However, we have absolutely no idea of how much glycerol is present 
in the free state in human tissues and fluids. ‘Studies on this subject, 
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at present under way in this laboratory, have so far failed to furnish any 
definite information, owing to the inefficiency of all known methods of 


detecting and m 
improvement in 


easuring small quantities of glycerol. It is hoped that 
methods will ultimately make this measurement possible. 


In the meantime we have determined that variations in the glycerol 


content of the 


medium on which the tubercle bacillus is growing do 


modify the lipin (or total fat and lipoid) content of the bacillus, as well 
as the yield of bacilli, confirming careful work by others (2), (3), (4), 
as well as certain previous deductions of our own (5). 

Figure 1 summarizes the results of this study. ‘The medium used was 
Long’s synthetic medium (6) with the glycerol variable. The bacillus 
used was our no. 1305, a strain of medium virulence. The minimum 
and maximum concentrations of glycerol permitting growth were 0.5 and 


12.5 per cent. 


No growth occurred in the absence of glycerol, or at a 


concentration of 15 per cent. The optimum concentration was between 
7.5 per cent and 10 per cent. The glycerol concentrations recorded are 
by weight, not volume. 

For the sake of simplicity lipin was determined as chloroform-soluble 
material. The dried and ground bacilli were leached in an extraction 
apparatus with hot absolute alcohol for 12 hours, followed by 12 hours 
extraction with pure chloroform. The evaporated alcoholic extract was 
extracted with chloroform, and the chloroform-soluble material added 
to the chloroform extract of the bacilli. It will be noted that the lipin 
values thus obtained for the strain used are somewhat lower than those 
usually quoted for tubercle bacilli. 

The chloroform-soluble lipin, as seen in figure 1, rises steadily with 
increasing concentration of glycerol in the culture medium, augmenting 
from 10.4 per cent of the bacillary dry weight when the glycerol con- 
centration of the culture medium is 0.5 per cent, to 27.6 per cent of the 
dry weight with the glycerol concentration of the culture medium 


at 12.5 per cent. 
No significant 


qualitative variation occurred in the lipin obtained at 


different glycerol concentrations of the culture medium. Analyses of 
the lipin obtained at the two extremes permitting growth, 0.5 per cent 
and 12.5 per cent glycerol, showed a slight increase in wax at the latter 
concentration, the proportions as nonsaponifiable lipin being 62 per cent 


and 71 per cent 


of the total lipin, respectively. The amount of total 


lipin from the small weight of bacilli grown at 0.5 per cent glycerol was 


_ so small, however, that the difference noted is within the range of ex- 
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perimental error. It may be safely concluded, therefore, that the wax, 
as noted in previous analyses (5), makes up about two-thirds of the total 
lipin, and probably does not vary greatly in proportion in the different 
lipin yields. 

While the relative proportion of wax in the lipin does not rise appre- 
ciably with an increasing concentration of glycerol in the culture 
medium, the total amount of wax increases more than twentyfold, 
inasmuch as the total growth-weight increases approximately tenfold, 
and the proportion of the total growth-weight as lipin is more than dou- 
bled. Calculated from the values recorded in figure 1, and the wax 
values of 62 per cent and 71 per cent of the total lipin, the wax production 
is seen to be 8 mgm. per 100 cc. of medium containing 0.5 per cent 
glycerol, and 196 mgm. per 100 cc. when 12.5 per cent glycerol is present. 
These results, therefore, support the theory proposed by Long and Camp- 
bell (5) that glycerol is important to the bacillus as a progenitor of its 
wax. 

When stained with the Ziehl-Neelson technique the bacilli grown on 
0.5 per cent glycerol were rose-pink, while those grown on 10 and 12.5 
per cent were deep crimson. Intermediate staining was seen from 1 to 
5 per cent. 

An important fact brought out in figure 1 is that little increase in the 
proportion of lipin occurs when the glycerol content of the medium is 
raised from 0.5 to 5 per cent, the concentration commonly used in the 
routine cultivation of the bacillus, and the concentration employed in 
growing the tubercle bacilli used in the investigations supported by 
grants of the Research Committee of the National Tuberculosis Associa- 
tion. This is reassuring, as it means that the quantity of glycerol in 
the medium employed in the latter investigations, a quantity unquestion- 
ably much greater than that present in human tissues, does not greatly 
‘ modify the composition of the bacilli, as far as lipin is concerned, al- 
though it permits profuse growth. 

The only substitute for glycerol with which we have had any success 
is glucose. Five per cent glucose permits fair growth, although the 
yield is much inferior to that when glycerol is used. The weight 
of dry bacilli obtained with 5 per cent glucose in the medium, in the ab- 
sence of glycerol, was 0.22 gm. per 100 cc. of culture medium. At 5 
per cent of glycerol, in the absence of glucose, the yield of dry bacilli 
was 0.95 gm., or more than four times as great. 
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Correlated studies on the glycerol content of animal tissues and resist- 
ance to tuberculosis are highly desirable, but depend on the develop- 
ment of suitable chemical methods. There is much to indicate that 
fat metabolism, and therefore the inseparably associated glycerol metab- 
olism, are related to resistance to tuberculosis. It is worth noting that 
in two pathological states in which resistance to tuberculosis is tradition- 
ally low, diabetes mellitus and chronic alcoholism, there is an abnormal 
fat metabolism and therefore glycerol metabolism. It is also commonly 
believed that people with a tendency to lay up fat are more resistant 
‘to the invasion of the tubercle bacillus than those with the reverse 
tendency. In the former the tendency is for free glycerol to be 
removed, by synthesis with fatty acids into neutral fat, a form which 
we have found to be practically unutilizable by tubercle bacilli; in 
the latter the tendency is probably for glycerol and fatty acids to remain 
dissociated and in a more labile state until oxidation occurs. 


SUMMARY 


1. Analyses of tubercle bacilli grown upon living animal tissues are 
highly desirable, but have so far proved impossible of attainment. We 
are therefore unable to correlate closely our chemical analyses of labora- 
tory-grown bacilli with the nature of bacilli producing disease. 

2. It is known that the composition of the tubercle bacillus is modified 
to some extent with a changing nature of the medium on which it grows. 
In laboratory cultures glycerol is of peculiar significance for the growth 
of the bacillus. The present study has shown that, as the concentration 
of a synthetic medium in glycerol rises from 0.5 to 12.5 per cent, the 
growth-range, the yield of dry bacilli increases tenfold, and the propor- 
tion of the dry weight as lipin is multiplied two and a half times. Inas- 
much as approximately two-thirds of this increasing lipin is wax, glycerol 
may be looked upon as a progenitor of the waxy constituents of the 
bacillus. 

3. Growth at high concentrations of glycerol is associated with 
increased intensity of acid-fastness. 

4. It is noteworthy that at 5 per cent glycerol, the concentration used 
routinely in laboratory media, the proportion of the dry weight of the 
bacilli as lipin is only slightly greater than when the glycerol concentra- 
tion in the culture medium is 0.5 per cent, although growth is far 
more luxuriant when the larger amount of glycerol is present. It is 
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only at the higher concentrations of glycerol, greater than those com- 
monly used in laboratory media, that the lipin content of the bacilli 
is much changed. 

5. The importance of glycerol in laboratory cultures, and the inef- 
ficiency of other combinations of carbon in promoting laboratory growth, 
indicate the probable importance of variations in glycerol in animal tis- 
sues in resistance to tuberculosis. 
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FURTHER OBSERVATIONS ON THE MORO TUBERCULIN 
TEST ON ARTIFICIAL-PNEUMOTHORAX PATIENTS! 


HERBERT F. GAMMONS 


Over a year ago I reported results of the Moro test on patients who 
were selected, on account of other indications, for artificial pneumo- 
thorax treatment (1). 

At that time it seemed that in addition to the other indications, a 
positive Moro test was a favorable indication and a negative test an 
unfavorable indication in instituting pulmonary collapse. 

The report dealt with 4 cases presenting negative Moro tests and 5 
cases with positive tests. The 4 negative cases have died, as has one of 
the positives, case9,G.R. This latter patient developed a tuberculous 
meningitis and died over a year ago. 

The other 4 positive-test patients are all doing well and still taking the 
treatments, and two of them are working. There has not been any 
increase of trouble in the contralateral lung. 

In addition to the above cases I have used the test on 16 more patients 
before starting pneumothorax. ‘Twelve of these were positive and four 
negative before and during the treatments. 

Of the 12 positive cases, all of which had more or less trouble in the 
contralateral lung, a good collapse resulted in 9, and all except one of 
these are doing well and show improvement in the contralateral lung. 
The one case not doing well has extensive involvement in the untreated 
lung, and has not been observed long enough to decide whether treat- 
ments will have to be discontinued. 

In three of the positive cases only a partial collapse resulted. How- 
ever the results are good in two of these. It was necessary to discontinue 
treatment in one of the positive partial-collapse cases on account of 
increased trouble in the contralateral lung. The treatment was given 
in this case on account of haemorrhages. These have ceased and the 
patient is now doing well. 

Of the 4 negative-Moro cases one was a diabetic, with extensive trouble 


1From the Arkansas Tuberculosis Sanatorium, State Sanatorium, Arkansas, Dr. John 
Stewart, Superintendent. 
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in the right lung and slight involvement of the left. After collapse of the 
right lung the trouble spread rapidly in the left. The treatments were 
stopped, and the patient recently died. I 

Two of the negative patients developed more trouble in the contralat- : 
eral lung, and treatments were discontinued. They are still living, but 
are in very poor physical condition. The fourth negative patient was 
a haemorrhage case, and while the haemorrhages have stopped the prog- 
nosis is nevertheless unfavorable. 


SUMMARY 


Twenty-five patients were given the Moro test before inducing artificial 
pneumothorax. Seventeen of these showed a positive test before and 
during treatment. In 8 patients the test was persistently negative. Of ly 
the 17 positives, 14 have done very well, and treatments are still being 1 
given. One was forced to stop treatments on account of increase of 
trouble in the opposite lung, one is not doing very well and one has died 
from tuberculous meningitis. Of the 8 negatives, 5 have died, 2 are in a 
hopeless condition, and one is doubtful. 


CONCLUSION 


Other indications being equal a positive Moro tuberculin test is a 
favorable indication for artificial pneumothorax and a negative test is 
very unfavorable. 


REFERENCE 


(1) Gammons, H. F.: The cutaneous Moro tuberculin test in artificial pneumothorax pa- 
tients, Amer. Rev. Tuberc., April 1926, xiii, no. 4. 
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REMARKS ON THE PRESENT STATUS OF THE CAMPAIGN 
AGAINST TUBERCULOSIS! 


CHARLES R. GRANDY? 


At the beginning of this century, when a general public-health con- 
sciousness was awakening, we were shocked to find that far more people 
were dying from tuberculosis than from any other disease, and, like good 
physicians, we attempted to diagnose the trouble, find the cause, and try 
to remove it. After studying the matter as thoroughly as possible, we 
came to the conclusion that the high mortality from tuberculosis was 
largely due to ignorance on the part of the public, both as to the character 
of the disease and in regard to the proper manner of living, so that our 
bodies might be able to resist and throw off the disease before it could get 
a firm hold upon us. With this diagnosis it was evident that the proper 
treatment was education. So we started to educate the world, using as 
our text, “Tuberculosis is not inherited, but is transmitted from the 
sick to the well. It is curable in the early stages and always preven- 
table.” Under this shibboleth we have built up an elaborate organiza- 
tion, including not only our ordinary teaching methods, but our many 
hospitals, sanatoria and clinics. And, largely as a result of this cam- 
paign, we have demoted tuberculosis from the first to the fifth or even 
sixth place as a cause of death in the United States, and have cut its 
mortality in two 

About the time when we felt confident that we had made an absolutely 
correct diagnosis and really had the dread disease “on the run,” and 
that we would be able to overtake and finally subdue it, along came the 
War, and we found that some of our theories and precepts did not seem 
to completely fill the bill, if they were in themselves really correct. 
Thus, in Germany and Austria, where good progress had been made in 
the fight against tuberculosis, there was a rise in the«death-rate to the 
old high level. There had been no loss of knowledge about the disease 
nor loss of knowledge in regard to its control, but there was nevertheless 


1 Read by invitation at the annual meeting of the Virginia Alpha Chapter of Alpha Omega 
Alpha, held at the University of Virginia, Charlottesville, Virginia, April 12, 1927. 
2 Norfolk, Virginia. 
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a great increase in deaths. The consensus of opinion was that this was 
due to weakening of the bodies of the people through food deficiency and 
a general lowering of the standards of living resulting from the priva- 
tions of war. 

Following this came a critical review of the work done against tuber- 
culosis in the United States, and the question was raised as to how much 
the great organized crusade had availed in reducing the tuberculosis 
death-rate and how much was due to better standards of living. This 
question has not been positively answered as yet; those interested in 


public health have been divided, the more extreme among them taking _ 


absolutely opposing views. Being one, whose best efforts have probably 
been expended in the fight against tuberculosis, I very naturally am 
unwilling to concede that all the organized work done against this 
disease has been in vain, and that the death-rate would have fallen 
practically as low without all this effort. Yet there are some health 
officers who are taking this stand. On the other hand, we must concede 
that in Germany and Austria the best educational efforts proved futile 
when confronted with a state of partial starvation. Personally, I can- 
not see why there need be any such irreconcilable conflict between these 
two views, for we all know it is impossible to produce results without 
good materials, however skilled and well-trained an artisan may be. So 
it is with tuberculosis. As the Germans are again recovering financially, 
they are becoming able to use their scientific knowledge to reduce once 
more their tuberculosis death-rate to a point well below our level at the 
end of the last century, at which time we had the necessary food and 
standards of living, but not the general knowledge needed to control the 
disease. 

It is rather interesting to look backward, and consider the changing 
views in regard to the origin and consequent control of tuberculosis, 
which have existed during my actual medical experience. Of course, 
Koch had already discovered and proved that the tubercle bacillus was 
the cause and the only original cause of the disease. But for practical 
purposes the people still felt that tuberculosis was inherited and incura- 
ble, and, as a corollary, that it was well-nigh useless to try to fight it. 
Later, at the time of the first organized campaign against tuberculosis, 
the latter was thought to be like other ordinary infectious diseases, more 
or less immediately contagious; that is, that it would become manifest 
after a relatively short period of incubation. Now, after further study, 
we feel that in the ordinary chronic form of the disease there has been an 
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early infection, which has either been lying dormant, to be reactivated 
by outside influences which depress the body’s resistance, or one upon 
which a fresh infection has been implanted. In either case the early 
slight infection has profoundly influenced the body’s reaction; so that 
in ordinary adult tuberculosis we have a chronic disease with marked 
resistance instead of the acute tuberculosis of infancy, which, however, 
does occasionally occur in people who have not had early first infections, 
as was demonstrated in Senegalese soldiers in the French army during 
the World War. 

_ What has been responsible for this change in our conception? In the 
first place we have been reviewing our knowledge and testing out our 
theories in the laboratory, and then we have been applying new tests to 
our clinical experience, and especially have we made use of the X-ray 
and skin reactions. These in turn have allowed us to discover early 
disease which our older methods would have been unable to find. 

Tuberculin skin tests have shown first that infants are born free from 
tuberculosis, and that during the first year of life from 5 to 19 per cent of 
city infants give the reactions, which increase until at age 15 more than 
75 per cent have been infected. The great majority hold this infection 
in check, and are never conscious of it, but careful autopsies reveal 
evidences of latent infection in practically all of us. 

The severity and character of the infection have been found to be 
dependent on (1) the number and virulence of the bacilli, (2) the length 
of exposure to infection, (3) the age of the child, for the younger the 
child the smaller is his resistance, and (4) the degree of resistance 
(allergy), both inherited and acquired. 

Based on these principles it should be our effort to attempt to limit 
all known infection of children, and especially that of infants, and to 
increase their resistance and bodily strength. In the United States and 
England we try to accomplish this by removing active cases to sanatoria 
and hospitals, and by advising women with active tuberculosis against 
having children whom they will only too frequently infect, while, on the 
other hand, we do everything to build up the strength of those children 
closely exposed to infection. In France two policies are being tried. 
The first is to remove children, as soon after birth as possible, from their 
tuberculous parents and have them adopted into healthy families. The 
second, as advocated by Calmette, is to produce an artifical immunity 
by administering cultures of much attenuated, living, bovine tubercle 
bacilli to infants born into tuberculous households. These cultures have 
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been given by mouth to many such infants, and Calmette and his fol- 
lowers are most enthusiastic in regard to the immediate results in saving 
these babies from the acute tuberculosis of infancy. We will, however, 
have to wait till these children grow up to fully evaluate the effects of 
this prophylactic treatment, but it is certainly most interesting and 
promising. 

Though, when viewed as a whole, we have made good progress in our 
fight against tuberculosis, it is only natural that some sections should 
not have advanced as far as others; and it is our duty to investigate 
these lagging geographical divisions and see whether they cannot be 
brought into line with our best advances. One of these backward sec- 
tions is composed of the rural districts, though we have all been impressed 
with the idea that tuberculosis is a disease of the cities and that country 
districts are comparatively free of it. Indeed, this was true at the 
beginning of this century before the organized campaign against tubercu- 
losis got into fullswing. But there is now evidence that in rural New York 
the mortality from tuberculosis has since 1920 been in excess of the urban 
mortality, and that this excess has increased year by year. Krause, 
commenting on this editorially in the AMERICAN REVIEW OF TUBER- 
cuLosis of March, 1926, says, “We are justified in the assumption that 
the antituberculosis campaign, immeasurably better carried on in the 
cities, is beginning to tell, is therefore fundamentally sound and effective, 
and must be organized to more purpose in the country.” What is true for 
New York is also true in regard to a comparison between the tuberculosis 
death-rates in Norfolk and in Virginia as a whole, but it is much more 
pronounced when only white deaths are considered. 

This, by itself, seems positive proof that the reduction of tuberculosis 
mortality would not have occurred without organized work, and that 
the decline in mortality has been due merely to the constantly improving 
standards of living in this country, for the standards of living have 
improved in most of the rural districts in the same proportion as in the 
cities, but the knowledge of tuberculosis and the actual work against 
this disease still remain to be introduced into many country districts. 

Another section which is lagging far behind is that comprising the 
Negro race. This was far in the rear when the organized campaign was 
started and, though progress has been made, it has not been nearly so 
great as in the white race, so that now the tuberculosis death-rate among 
the Negroes, compared with the whites, is relatively greater than ever 
before. This is well shown in comparing the rates in Norfolk. In 1926 
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the white rate was 30 and the colored 246, while in 1906 the white rate 
was 152 and the colored 627. Thus, twenty years ago, the white rate 
was five times and the colored two and a half times what it is to-day, 
or the colored rate was four times the white in 1906 but now is eight times 
this rate, or, expressed in another way, the white rate has been reduced 
twice as fast as the colored. 

Here, then, is a case that calls for special study, for the Negro tuber- 
culosis problem cannot be treated as an isolated one. Colored servants 
come into such close daily contact with the white people that they form 
a real source of infection for their employers and especially for the latters’ 
children, not a few of whom we have known to be infected by their colored 
nurses. Furthermore, it-presents many difficulties which are not being 
satisfactorily solved by the methods in effective use among white people. 

In the Norfolk Tuberculosis Clinic we are paying special attention to 
the Negro tuberculosis problem. We see our white and colored patients 
on different days, but each race gets the same attention and treatment, 
which allows a pretty good comparison to be made between the effects of 
the disease on the two races. In 1926 there were treated at this clinic 
930 cases, of which 385 were white and 545 colored. Included in this 
number were many undernourished children sent in from the city schools 
for study, as admission to the open-air rooms in the Norfolk schools is 
through this clinic. As this clinic has been running for twenty years, we 
feel that we have had enough experience to at least draw some compari- 
sons and deductions, a few of which I will present to you. 

In the first place, a reduction both in the actual number of deaths in 
Norfolk and a much greater reduction in the death-rate for cases of tuber- 
culosis in the Negro show that something can and has been done on this 
problem. But a 1926 death-rate of eight times that among the white 
people and one larger than the white tuberculosis rate in 1906 show that 
we have yet to find a more practical method of handling the problem. 

It has been found that the peak of the colored tuberculosis death-rate 
comes in the early twenties, or ten years earlier than the peak for white 
cases. We found that, among the 70 tuberculosis deaths in our colored 
clinic cases during the last two years, 80 per cent died before thirty and 
44 per cent before twenty. Furthermore, the disease advances much 
more rapidly in colored than in white people. Thus the average duration 
of life after the first history of symptoms was between ten and eleven 
months in these colored cases, while in the 14 white cases who died during 
the same period the average duration of life was forty-five months. 


a 


STATUS OF CAMPAIGN AGAINST TUBERCULOSIS 537 


We thought we would compare the results of sanatorium treatment in 
the two races. We had sent 34 colored and 23 white cases to the Virginia 
sanatoria in the years 1923 to 1926 inclusive. We were able to trace 
31 of these colored cases, and found that 21, or 68 per cent, had died, and 
to locate 21 of the white cases, of which 7, or 33 per cent, had died. I 
feel that even this is rather a rosy picture of the colored sanatorium 
results, as some of the surviving cases will certainly die within this year, 
though we have been told repeatedly at Piedmont Sanatorium that our 
Norfolk cases, being carefully picked, are the most favorable cases they 
get. These cases do well when they first go to the sanatorium: they put 
on flesh, lose their fever and cough, and feel much better. Yet, when 
they come home they often die promptly, even when they try to “per- 
sist with the cure.” It seems safe to say that 75 per cent of the cases 
sent to the colored sanatorium die within eighteen months from the time 
we can get a history of symptoms. 

When we exclude far-advanced cases, who have been treated elsewhere 
and for whom it is obvious that nothing can be done, it is remarkable how 
short a history of symptoms we can elicit. They may be in good flesh, 
give only a short history of cough, say they have had no fever, and feel 
pretty well generally, yet on examination fairly advanced lesions will be 
found, and they may go on and die in a few months, either with or with- 
out sanatorium treatment. 

The problem at first glance seems almost a hopeless one, yet we know 
that the tuberculosis death-rate among the Negroes is decreasing. We 
know that the colored man will gladly take treatment, and follow it as 
well as many of the poorer white people, and we know that some cases 
are cured and stay cured for years. What is the difference that makes 
the death-rate eight times as high in one race as in another in the same 
city? Some maintain that it is due to malnutrition, yet the colored 
child for the same height and age weighs more and has a better posture 
than the white child. Some say that on account of less frequent contact 
the colored man has not been able to build up the resistance of the white 
man, and consequently his disease progresses faster. Though he cer- 
tainly has less resistance, this does not seem to be due to less frequent 
contact in a city in which there are actually four times as many tubercu- 
losis deaths among Negroes as among whites, though the latter are twice 
as numerous. This is also refuted by the fact that mulattoes have a 
greater resistance and live longer than the blacks, and may even run a 
chronic course seen so often in white but so seldom in colored cases. 
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This has been observed and reported by Carter at the Piedmont Sana- 
torium and at our Norfolk clinic. The lack of resistance seems to me to 
be racial, and due to a relatively shorter period of contact with the 
disease on the part of a race only removed a few generations from savage 
life. ‘This, of course, is magnified by the Negro’s not knowing how to 
live a healthful life in a city, or, for that matter, in houses in the country, 
and also by his not having the means to obtain adequate, healthy 
housing. 

In the last two years we have made two rough health surveys of a 
colored school, in which were grouped for practical instruction children 
who were too old for their grades. Our findings seem interesting enough 
to comment on here: (1) the children were retarded scholastically; (2) 
many were retarded mentally; (3) many were much below par physically; 
(4) most were apparently much below par financially; (5) on the follow- 
up a very large proportion of these children were found to be supported 
by their mothers, who had to “work out” and leave them without 
maternal care and guidance, there being no fathers to provide for them; 
and (6) we found several active cases of pulmonary tuberculosis on our 
first survey, though none the next year. These children were, of course, 
much below the standard of the average colored family, but certainly 
presented an ideal field for the development of tuberculosis, especially 
in a very susceptible race. 

What then seems a practical solution of this problem? We have seen 
that the results of sanatorium treatment are disappointing, and we have 
not been able to efficiently hospitalize and segregate the advanced cases 
which are infecting the children. Everything seems to lead us to efforts 
to increase the resistance of the children. This we have already started 
in a small way by opening an open-air room three years ago. Here we 
have collected a group of 22 children, all of whom had been in close con- 
tact with tuberculosis, and many of whom had not been able to attend 
school regularly on account of cough, fever and loss of strength. These 
children have not only markedly improved physically and mentally 
while in this room, but many have also continued to do well when pro- 
moted to the junior high school, from which we have not yet had to 
withdraw a colored child, although white children have at times not been 
able to stand this test. With individual care, proper food and rest, all 
these children have regularly gained in weight, strength and class stand- 
ing, even though we have put in this room children we certainly would 
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have sent to a sanatorium if they had been white, for our results in this 
room seem to be as good and more permanent than the results obtained 
at the colored sanatorium. 

The work for the Negro must be real antituberculosis work, though it 
would be probably better to spell it ante rather than ani, as the work, 
to be truly efficient, must be done before the disease gets a real hold upon 
his lungs. Weare seriously considering the use of the Calmette vaccine 
to immunize colored babies born in tuberculous families, but have not 
yet arrived at a practical method of so doing. In the meantime, without 
waiting for this vaccine, we are trying to get hold of as many delicate 
children as the school nurses and teachers will send to us, and use every 
method at our command to correct their physical defects and increase 
their bodily strength. In this effort we are receiving good codéperation 
from the colored people, who have a great dread of tuberculosis and 
are only too glad to have anything done to save their children from its 


ravages. 
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NOTES ON CERTAIN BRONCHOMYCOSES WHICH MAY 
SIMULATE PULMONARY TUBERCULOSIS! 


ALDO CASTELLANI 


For some years I have endeavored to emphasize the importance and 
comparative frequency of Bronchomycoses. In previous publications I 
have attempted an aetiological classification of these affections, and 
have given a botanical description and classification of the fungi found. 
In this paper I purpose touching upon the subject solely from a practical 
standpoint,—from the point of view of the clinician and clinical pathol- 
ogist. The reader interested in the botanical and mycological details 
will find these in previous publications of mine and in the Chapters on 
Fungi in Castellani and Chalmers’s Manual of Tropical Medicine. 

From a practical point of view Bronchomycoses may be classified as 
follows: 


1. Due to “‘yeast-like fungi,’ namely, fungi of the type Blastomyces, Cryp- 
tococcus, Saccharomyces, Monilia, Endomyces. Torula is now generally con- 
sidered a synonym for Cryptococcus. 

2. Due to filamentous fungi: (a) of the slender type, namely, fungi of the 
types Nocardia, Anaeromyces, Vibriothrix; (b) of the larger size, Oidium, 
Hemispora; (c) with characteristic conidial structures and fructifications, etc., 
Aspergillus, Penicillium, Mucor, Rhizomucor, Acremoniella, Sporotrichum, 
Acladium. 


There are certain symptoms common to all bronchomycoses whenever 
fungus is the aetiological factor. In mild cases there are types of slight 
bronchitis, with mucopurulent expectoration in which the fungi are 
found. In severe cases the patient presents symptoms suggesting 
phthisis with hectic fever and haemorrhagic expectoration. Most bron- 
chomycoses are benefited by the administration of potassium iodide. 
The prognosis varies a great deal according to the causative fungus: the 
cases due to Nocardia have the clearest prognosis. 


1 Presented before the Pathological Section at the twenty-third annual meeting of the Na- 
tional Tuberculosis Association, Indianapolis, Indiana, May 24, 1927. 
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BRONCHOMYCOSES SIMULATING TUBERCULOSIS 


BRONCHOMYCOSES DUE TO “YEAST-LIKE”’ FUNGI 


By “yeast-like”’ fungi we understand fungi characterized by the pres- 
ence in the lesions, and usually in cultures too, of numerous round or oval 
cells, some of which are budding; if mycelium is present, it is present in 
very small amount. Yeast-like fungi belong to very different botanical 
groups of mycetes: to different genera, and different families. From the 
point of view of the clinical pathologist the following types of yeast-like 
fungi may be distinguished: Blastomyces type, Cryptococcus type, Monilia 
type, Saccharomyces type, Willia type, Endomyces type. 


Blastomyces: In the lesions large round or oval cells are present, with an 
exceedingly well-marked double contour and with protoplasm very granular. 
No mycelium occurs in the lesions. Cultures may present a fluffy appear- rs 
ance (due to aereal hyphae) and contain a large amount of mycelium. Asci t 
have been described by certain authors. They do not produce gas fermenta- 

tion of sugars. 

Cryptococcus: In the lesions round or oval cells are found, smaller than blast- 

omyces. The cells have no double contour or only faint ones; the protoplasm 

is not granular or only slightly so. Neither in the lesions nor in cultures is 

mycelium present. These fungi do not produce gas fermentation in glucose 

or any other sugar. 

Monilia: As in the case of cryptococcus (but mycelium, although usually in 

exceedingly small amount, is present), either in the lesions, or in cultures, or in 

both. Noascioccur. These fungi often produce gas fermentation of various 

sugars (see table). 

Saccharomyces: As in the case of cryptococcus, but asci and ascospores are 

present. These fungi produce gas fermentation. 

Endomyces: As in the case of monilia, but asci and ascospores are present. 

Willta: Ascospores, of a peculiar “‘bowler-hat” shape, are present. These 

fungi do not produce alcoholic fermentation, but various ethers with fruity 

odor. 


With regard to Bronchomycoses due to yeast-like microérganisms I 
will limit myself to touching very briefly on the following: 

1. Broncho-moniliasis. 4. Broncho-saccharomycetosis. 

2. Broncho-blastomycosis. 5. Broncho-williasis. 
3. Broncho-cryptococcosis. 6. Broncho-endomycosis. 


BRONCHOMONILIASIS 


Remarks: I first called attention to this bronchial affection in Ceylon, 
in 1905; and valuable work on the subject has been carried out recently 
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by a number of authors, such as Chalmers, O’Connell, Farah, Macfie, 
Iacono, Taraknath Sur; Johns, Pollacci, Redaelli, Perin, etc. The con- 
dition, however, is still little known, though it has been found in many 
tropical and subtropical countries, and also in temperate zones. 

Pinoy has described cases in France, Pijper in South Africa, Macfie 
in West Africa, and Chalmers and MacDonald and Farah have observed 
a number of cases in the Soudan and Egypt. Taraknath Sur has made a 
thorough study of the disease in India. Iacono has found several cases 
in the south of Italy, and cases have recently been found in England by 


Fic. 2. TROPICALIS 
From glucose-agar culture 


Douglas, Thompson and myself, and in America by Johns, Boggs and 
Pincoffs and Simon. The condition appears to be caused by several 
species of the genus Monilia Persoon, usually M. tropicalis Castellani, 
M. pinoyi Castellani, M. krusei Castellani, and M. metalondinensis 
Castellani. 


Aetiology 


As regards the botanical characters of the genus Monilia, the original 
definition by Persoon is Stipita aut effusa byssoidea. Fila moniliformis 
articulata. These fungi are stated to be characterized by‘the sporophores 


OND GUS 

© 

© 

CYo (°) 

| 


BRONCHOMYCOSES SIMULATING TUBERCULOSIS 


Tic. 3. Monit1a TROPICALIS 
Glucose-agar culture 


Tic. 4. EXPERIMENTAL MOoNILIASIS 


Lungs of inoculated rabbit 
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being simple or subsimple, and producing, by constriction at their ex- 
tremities, a chain of large lemon-shaped conidia, often provided with a 
disjunction apparatus. The general tendency at the present time, how- 
ever, is to extend the term Monilia, so as to include all those organisms 
of the family Oosporaceae Saccardo, 1886, the vegetative body of which 
(Thallus) in its parasitic life (#7 situ, in the lesions) appears composed of 
mycelial threads and free budding forms, some of the mycelial filaments 
being long and branched, and of rather large size, and often presenting 
arthrospores. In the saphrophytic life (cultures on the usual solid 
laboratory media) mostly yeast-like roundish or oval bodies are seen, 
while mycelial filaments are very scarce or absent, and when present 
they are rather short and consist only of a few articles. Some monilias 
show very little mycelium also in the lesions. Monilia fungi very often 
ferment glucose and other carbohydrates with the production of gas. 
Classification: Morphologically, monilias may be separated into two 
groups: (1) with roundish conidia and (2) with oval or elongated conidia. 
Morphological characters, however, will not help further in the classifi- 
cation of these fungi, and for some years I have recommended a bio- 
chemical classification. For practical purposes monilias may be con- 


veniently classified, according to some of their biochemical characteris- 
tics, as follows: 


1: Gas produced in glucose only: Monilia balcanica Castellani group. 

2: Gas produced in glucose and levulose only: M. krusei Castellani group. 
3: Gas produced in glucose, levulose, and maltose: M. pinoyi Castellani 
group. 

4: Gas produced in glucose, levulose, maltose, and galactose: I. metalondinen- 
sis Castellani group. 

5: Gas produced in glucose, levulose, maltose, and galactose: M. tropicalis 
Castellani group. 

6: Gas produced in glucose, levulose, and saccharose: M. guillermondi Castel- 
lani group. 

7: Gas produced in glucose, levulose, galactose, and saccharose and inulin: 
M. macedoniensis Castellani group. 

8: Gas produced in dextrin, in addition to other sugars: M. pseudolondinensis 
Castellani group. 

9: Gas produced in lactose in addition to other sugars: M. pseudotropicalis 
Castellani group. 

10: Absence of gas fermentation in any sugar. M. zeylanica Castellani group. 
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It must be kept in mind that certain sugar reactions are not constant, 
and several species of monilia may, after a time, lose their power to fer- 
ment some carbohydrates. Hence the determination of some species 
can be carried out only with strains very recently isolated. It must also 
be kept in mind that monilias presenting the same biochemical reactions 
may differ enormously as regards pathogenicity. Some may produce a 
severe infection when inoculated into rabbits, while others may be quite 
harmless. 


Inoculation Experiments in the Lower Animals 


In Ceylon I carried out a fairly large number of researches on the viru- 
lence of various monilias and the experimental reproduction of Broncho- 
moniliasis. More recently Douglas, Iacono, Mendelson, Redaelli, my- 
self, and others have worked on the subject in England, Italy, and the 
tropics. The results of these researches may be condensed briefly as 
follows: 

1. A few monilia strains are nonvirulent. Their inoculation by the 
subcutaneous, intravenous, intraperitoneal, intrapleural or intrapul- 
monary route kills neither rabbits nor guinea pigs, and the inoculated 
animals do not show any signs of sickness. These strains have generally 
been isolated from the air. 

2. Certain monilia strains are virulent and kill rabbits and guinea 
pigs, when inoculated intravenously or intrapulmonarily, but they do not 
produce any evident pseudotubercular or nodular condition of the lungs. 

3. Certain monilias, when inoculated intrapulmonarily (and at times 
intravenously), produce a peculiar nodular condition of the lungs. For 
instance, if 0.5 or 1 cc. of a thick emulsion of Monilia metalondinensis 
Castellani strain C (isolated from a severe type of bronchomoniliasis) 
is injected intrapulmonarily into a rabbit, through the thorax by means 
of a syringe, and the animal is killed 15 to 20 days afterward, the post- 
mortem will show that both the lung which was injected and the lung 
which was not injected present numerous white nodules, which are gen- 
erally larger in the inoculated lung. Some of these nodules may coalesce, 
forming a staphyloid mass. Apparently the invasion of the noninocu- 
lated lung is by the bronchi, which in many cases can be made out to be 
greatly expanded and in some places with their walls giving way. The 
histological examination of the smaller nodules, which are about 3 inch 
in diameter, shows that the centre is composed of masses of small cells 
and polymorphonuclear leucocytes. More peripheralward, the cells are 
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fewer in number. This corresponds to the area of the degenerating and 
expanding bronchocele. Still further out there is a ring of endothelial 
cells; many of these are phagocytic, containing smaller white cells, and 
there are a few large multinucleated giant cells. In this ring there is 
also a large number of eosinophilic cells. At times the cells in the centre 
of the nodules are markedly degenerated, the nodules becoming caseous. 
Prepared with the gram-stain a section shows only a small number of 
monilia and few of the spores take the stain. Between the nodules there 
is, in most cases, no pneumonia but there is some congestion, as well 
as a considerable increase of endothelial cells. In the small arteries the 
intima is greatly thickened.’ 


Clinical Considerations 


Symptomatology: Clinically, a mild type and a severe type of the 
malady may be differentiated, with, of course, a number of intermediate 
cases. In the mild type the general condition of the patient is good and 
there is no fever. The expectoration is mucopurulent and often scanty, 
and does not contain blood. The phys ‘cal examination of the chest is 
either entirely negative or reveals only a few rales. The condition may 


last for several weeks or months, or get cured spontaneously, or, continu- 
ing, may turn into the severe type. 

The severe type closely resembles phthisis. The patient becomes 
emaciated, there is hectic fever, and the expectoration is often haemor- 
rhagic. The physical examination of the chest may show patches of 
dulness, fine crepitations and pleural rubbing. This type may end 
fatally. 

The treatment consists in giving potassium iodide, with which glyc- 
erophosphates and balsamics may be associated. It is interesting to 
note, however, that in a certain number of cases potassium iodide has 
practically no beneficial action whatever. Vaccines are occasionally 
useful. 

Illustrative Cases 


Case 1: A. T. S., male, pensioner, born 1890, joined the British Army in 1914. 
While serving in 1916, he noticed slight cough with scanty expectoration, but 
his general health was fairly good. His ailment continued till December, 


2 The above histological description is based on the researches carried out on the subject 
by Douglas, Thompson and myself. The animal inoculations were performed by Douglas. 
The histological lesiéns found in experimental moniliasis have also been thoroughly studied by 
Redaelli. 
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1921, when the sputum began to be bloody, and the patient began losing 
flesh. His weight in July, 1919, was 11 stones, 4 pounds; March, 1922, 
9 stones, 8 pounds; and June, 1922, 8 stones, 13 pounds. 

He was suspected to be suffering from tuberculosis, and was sent to the Min- 
istry of Pensions Hospital, at Orpington, on March 31, 1922, for observation. 
His general health was fairly good, but he was very thin. The patient had a 
slight serotine fever of low type, 99° to 99.4°F., and not influenced by quinine. 
There were no regular sweats. Cough was more severe mornings than at 
night. The examination of the chest did not reveal anything very definite. 
A few coarse rales were present; the X-ray examination did not show any 
evidence of tuberculous lesions. The complement-deviation test for tuber- 
culosis, as well as the Wassermann test were negative. 

The sputum, examined many times for tubercle bacilli, was always negative. 
A fungus was grown with the characteristics of Monilia metalondinensis 
Castellani. 

The patient was treated with potassium iodide and creosote, and all the 
symptoms disappeared. He was discharged from the hospital as cured, 
but we kept in touch with his family doctor, who wrote to us some months 
afterward that the patient was feeling well and was able to do a day’s work. 


Case 2: Col. A.S., while in India, developed symptoms of subacute bronchitis, 
with mucopurulent expectoration and occasionally haemorrhages. He was 
diagnoséd as a case of bronchomoniliasis and sent home. I was able to confirm 
the diagnosis. He got well on potassium iodide and creosote. In this case 
the monilia was of the pinoyi type. 


Diagnosis: The diagnosis is based on the absence of the tubercle bacil- 
lus and the constant presence of monilias in the sputum. It is essential 
that the sputum be collected in sterile receptacles after the patient has 
gargled thoroughly with warm, sterile water, and the sputum should be 
examined immediately. In certain cases the microscopical examination 
of the sputum shows spore-like, roundish or oval cells often presenting 
a double contour, and occasionally some portions of mycelial threads. 
In other cases the microscopical examination is completely negative, and 
the fungus can be found only by cultural methods. At any rate, it is 
impossible to make a definite diagnosis of bronchomoniliasis without a 
cultural investigation, which should be carried out as follows: 


A small amount of sputum is smeared on several tubes of glucose or maltose-agar, which 
should be kept at a temperature of 22° to 25°C. for two or three days, when, in positive cases, 
white and rather large roundish colonies will appear, easily differentiated, as a rule, with a 
little practice, from the colonies of cocci and other bacteria. To determine the species of 
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monilia present, the strain isolated should be further investigated by inoculating milk, gela- 
tine, serum, and the following carbohydrates:—glucose, levulose, maltose, galactose, sac- 
charose, inulin and dextrin. And animal inoculations in rabbits should also be performed, 
to see whether the strain isolated is virulent or not, and whether it is capable of producing 


pulmonary lesions. 


It is essential to remember that the mere presence of a monilia fungus 
in the sputum should never be considered sufficient to establish a diag- 
nosis of bronchomoniliasis. When a monilia is found in a sputum, col- 
lected with all due precautions to avoid external contaminations and 
examined at once, there are three possibilities: 


First: The monilia, though present in the expectoration, 1s not virulent and 
not pathogenic, and lives saprophytically in the bronchi. In such an event 
the monilia, inoculated intravenously into a rabbit, will be found to be 
nonvirulent, and when inoculation is intrapulmonary it will produce no 
lesions in the lungs and no general infection. 

Second: The monilia, though virulent, may represent only a secondary 
invader,—a secondary infection. In this case intravenous inoculation of 
the fungus will kill the rabbit, but intrapulmonary inoculation will not 
cause any localized nodular affection in the lungs. Such an inoculation 
will induce a general fungus septicaemia from which the animal will die. 
Third: The monilia is the real cause of the bronchoalveolar condition. In 
such cases the intrapulmonary inoculation into a rabbit will produce a 
very characteristic nodular condition of the lungs. When the animal 
dies spontaneously, or is killed, 15 to 21 days after the intrapulmonary 
inoculation, both lungs (the one inoculated and the other into which no 
inoculation was made) are found to be studded with a large number of 
white nodules containing the fungus. These are about § of an inch in 
diameter. In the intervening pulmonary tissue there are signs of con- 
gestion, but no pneumonia. The histological nature of the nodules is, 
in every respect, identical with that described on page 549 as character- 
istics for the nodules of animals of experiment. 


PRIMARY AND SECONDARY BRONCHOMONILIASIS 


Primary bronchomoniliasis should be distinguished from secondary 
bronchomoniliasis, which rather frequently develops in cases of tuber- 
culosis and other chronic conditions, as shown by Chalmers, Macfie and 
Ingram, myself, and other observers. A diagnosis of primary broncho- 
moniliasis should be arrived at by using great caution, because: 
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First: Monilia fungi are frequently very abundant in the air of tropical 
countries, and they very quickly contaminate samples of sputum that by 
any chance have been exposed to the air even for a few seconds. 
Second: These fungi, especially in the tropics, are not rare in the mouth, 
in the saliva, and therefore a patient should be made to gargle and rinse 
his mouth with sterile salt solution before he is asked to cough and 
expectorate. 

Third: Even if the fungus be present in the mucus originating from the’ 
bronchi, there are apparently certain cases in which the fungus is not 
pathogenic, being merely a saprophytic microéganism. 


Therefore, a definite diagnosis of primary bronchomoniliasis should be 
arrived at with great caution, when the bronchial expectoration collected 
with every precaution and examined at once contains a monilia, tubercle 
bacilli being absent, and the amount of the fungus present decreases 
rapidly with the gradual improvement of the condition. The monilia 
by intrapulmonary inoculation in a rabbit should give rise to a diffuse 
nodular condition. Pathogenic monilias mostly belong to the following 
groups: krusei, metalondinensis, pinoyi, tropicalis. The monilia, as I 
have already stated, not only must be virulent to the rabbit by intra- 
venous inoculation, but the intrapulmonary inoculations of it must in- 
duce in the rabbit’s lungs a nodular condition, which later becomes 
caseous. 


MIXED INFECTIONS 


Cases of apparently true mixed infection, as, for instance, broncho- 
moniliasis and bronchospirochaetosis have been put on record by several 
observers. 


Prognosis 


The prognosis of true primary bronchomoniliasis must be reserved, as 
at times no treatment is of any avail, and the patient goes from bad to 
worse and finally dies. 


Treatment 


Potassium iodide is useful in certain cases, but not in all. It is ad- 
visable to employ with it certain balsamics (principally creosote) and 
glycerophosphates. Monilia vaccines are useful in only a few cases. 
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Tea-Taster’s Cough 


In connection with bronchomoniliasis, I might say a few words on the so 
called ‘‘tea-taster’s cough” and “‘tea-factory cough.” In 1906 a young 
assistant in one of the big Ceylon firms, a tea-taster, came to consult me about a 
chronic cough, which he said had not yielded to ordinary treatment, and had 
been suspected by several medical men to be of tuberculous origin. He 
emphatically stated, however, that he did not believe it was tuberculosis. 
“T am merely suffering,” he said, “from tea-taster’s cough,” an expression I 
had never heard before. The general condition of the patient was good, 
and the physical examination of the chest revealed only a few coarse rales. 
The microscopical examination of the sputum was negative for tubercle 
bacilli; instead, I noticed some mycelial filaments and some yeast-like bodies. 
I inoculated several glucose-agar tubes, and I grew a monilia fungus which, 
at the time, I believed to be an endomyces. 

How did this patient get infected? ‘Tea-tasters, in order to judge the 
quality of the various teas, not only taste infusions, but often fill their hands 
with the tea-leaves and bury their noses in them, sniffing them up; in this way a 
certain amount of tea-dust enters the nasal cavities. 

Now, if one examines tea-dust in Ceylon, one finds that it contains fungi 
of the genus Monilia constantly, of the genera Aspergillus and Penicillium 
frequently, and of the genus Oidium occasionally. A peculiar streptococcus 
is also very often present. ‘The same microérganisms are not rarely found in 
the nasal cavities of tea-tasters, and when bronchial symptoms appear in 
them monilia-like fungi are present in the expectoration. It is probable, 
therefore, that the so called tea-taster’s cough is a moniliasis, especially as a 
guinea pig, into the nostrils of which I insufflated tea-dust lei died with 
symptoms of chronic bronchopneumonia. 

What I have said about “‘tea-taster’s cough”’ applies to a great extent to the 
so called “‘tea-factory cough.”” For many years planters have noted, in Ceylon, 
that the coolies doing work in tea-factories, where the leaves are dried and 
there is a large amount of tea-dust floating about, after some months become 
weak, lose flesh, and often have a cough with mucopurulent expectoration. 
The planters have found by experience that these coolies must be taken away 
from the factory and sent to work in the field, and then the symptoms slowly 
disappear. I have examined some of these coolies, and their expectoration 
practically always contained fungi of the genus Monilia. I have little doubt, 
therefore, that the so called “tea-factory cough” is a bronchomycosis, and 
probably a bronchomoniliasis. 
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BRONCHOBLASTOMYCOSIS 
Pulmonary Blastomycosis 


Remarks: The term Bronchoblastomycosis or Pulmonary Blastomycosis 
is now usually limited to indicate cases of bronchitis and bronchoalveolitis 
due to fungi of the type Blastomyces, the same fungi which cause Blas- 
tomycosis cutis. In the past the term was often used to cover all pul- 
monary and bronchial conditions associated with the presence of any 
kind of yeast-like fungi, including saccharomyces, cryptococcus and 
monilias. The genus Blastomyces is not considered valid by most author- 
ities, but it is useful to retain it from the point of view of the practical 
clinical pathologist. 


Aetiology 


« The fungi found belong to the type Blastomyces. In the lesions these 
fungi appear as large globular cells, 7 to 20 micra in diameter, with 
markedly granular protoplasm and a hyaline capsule, which possesses a 
strikingly well-defined double contour, much more marked and defined 
than in monilias, saccharomyces and ordinary cryptococcus, in which 
the double contour may be lacking altogether or is not so visible. When 
the fungus is grown on glucose-agar, growth slowly develops with abund- 
ant white duvet; preparations from glucose-agar cultures show a large 
amount of mycelial threads. 


Pathology 


The pathological lesions resemble those of tuberculosis. The lungs 
may be seen to be studded with numerous white nodules. The cut- 
surface may show a purulent fluid, and cheesy material may be expressed 
from the involved region. Cavities of various size may be present. 

The histological structure of the lesions is somewhat similar to what one 
sees in tuberculosis; the central necrotic area is bounded by a zone of 
granulation tissue, in which giant cells are found; some of the giant cells 
may contain blastomyces. 


Symptomatology 


The patient complains of chronic cough, with expectoration which is 
mucopurulent and at times haemorrhagic. The general condition is 
poor, the patient steadily loses weight, and there may be serotine fever. 
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The physical examination reveals signs of bronchitis, and in advanced 
cases the signs are those of consolidation. 
The course of the malady is chronic, and death is in most cases due 
to systemic infection. 
Diagnosis 


The diagnosis is based on the presence in the sputum of the typical 
blastomyces cells,—large round bodies, with an exceedingly well-marked 
double contour and markedly granular protoplasm. Blastomyces cells 
have usually a more marked granular protoplasm and a much more 
definite double contour, and are of larger size than monilia oi sac- 
charomyces cells and the usual cryptococci. 

In most cases typical blastomycetic lesions are found on the skin: 
elevated patches with papillomatous surface and well-defined margin; 
the presence of the skin lesions greatly facilitates the diagnosis. ; 


Treatment 


This consists of giving potassium iodide in large doses, but unfortu- 
nately in most cases only a temporary improvement, not a cure, is ob- 


tained. 
BRONCHOCRYPTOCOCCOSIS 


Symptoms are identical with those found in bronchomoniliasis, but 
the causative fungi found belong to the genus Cryptococcus. These fungi 
consist of numerous yeast-like, budding cells with no mycelium. Cul- 
tures never present asci, and this is the only characteristic that differ- 
entiates them from true saccharomyces. ‘There are a primary and a 
secondary type of bronchocryptococcosis. The treatment is the same as 


for bronchomoniliasis. 
BRONCHOENDOMYCOSIS 
This is caused by fungi morphologically identical with monilia, but 


old cultures show the presence of asci. It is a rare condition. The 
symptoms and the treatment are the same as for bronchomoniliasis. 


BRONCHOSACCHAROMYCETOSIS 


This condition is caused by fungi of the genus Saccharomyces and other 
genera of the family of Saccharomyceteae. These fungi are characterized 
from a practical point of view by the following features: 
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1. Reproduction of budding. 

2. Absence of mycelium. 

3. Presence of asci in old cultures. 

4, Gas fermentations of one or more sugars. 


The symptomatology and treatment are the same as in bronchomoniliasis. 


BRONCHOWILLIASIS 


This is a very rare type of bronchomycosis. The fungi found belong 
to the genus Willia. They are characterized by the peculiarly shaped 
ascospores—“bowler-hat-like,”’ etc. I have had one such case. The 
patient, a retired planter, got well on potassium iodide. The symptoms 
were the same as those found in chronic bronchomoniliasis, _ 


Fic. 5. ANOMALA 
Ascospores 


BRONCHONOCARDIASIS 


Bronchonocardiasis is the modern term used to denote all bronchial 
and bronchopulmonary affections due to fungi of the genus Nocardia, 
Toni and Trevisan, and the genus Cohnistreptothrix Pinoy, which were 
previously more commonly known as Sireptothrix, Actinomyces, Dis- 
comyces, Obs pora. 

Two types of bronchonocardiasis may be separated. One is charac- 
terized by the presence of fungal granules (sclerotic) in the sputum 
—granular bronchonocardiasis. 

In the other type no such granules are present (agranular broncho- 
nocardiasis). The first type is still often referred to as Actinomycosis 
bronchialis, or pulmonalis, and the second type as Pseudoactinomycosis 
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bronchialis or Pseudoactinomycosis pulmonalis. Before proceeding with 
the subject it may be of advantage to give a few botanical data on the 
nocardial fungi. These fungi belong to the order Microsiphonales. This 
order is characterized by the mycelium being composed of fine bacilliform 
hyphae, usually 1 micron or less in diameter. They are, as a rule, gram- 
positive when young, and are without distinct nuclei; they are parasitic 
or saprophytic. 


The order Microsiphonales has the following families: 


A: Nocardiaceae Castellani and Chalmers, 1918 (synonyms, Actinomycetes 
Lachner-Sandoval, 1898; Trichomycetes Petrusky, 1903). 

Definition: Microsiphonales with a mycelium. 

Type Genus: Nocardia Toni and Trevisan, 1889. 


B. Mycobacteriaceae Miehe, 1909. 
Definition: Microsiphonales without a mycelium. 
Genus 1: Mycobacterium Lehmann and Neumann, with the diphtheria 


bacillus as a type. 
Genus 2: Corynebactersum Lehmann and Neumann, with the tubercle 


bacillus as the type. 


Family Nocardiaceae 


Synonyms: Actinomycetes Lachner-Sandoval, 1898; Trichomycetes, Pe- 
trusky, 1903. 

Definition: Microsiphonales with a mycelium. 

Type Genus: Nocardia Toni and Trevisan, 1889. 

Classification: This family contains 2 genera: 


A: Grows aerobically, easy of cultivation, and produces arthrospores 
Genus 1: Nocardia Toni and Trevisan, 1899. 

B: Grows best anaerobically, but can often grow aerobically, difficult of cul- 
ture, and does not produce arthrospores. Genus 2: Cohnistreptothrix Pinoy, 
1911. 


The reader interested in mycology may find further particulars on 
these fungi in Castellani and Chalmers’s Manual of Tropical Medicine, 
3rd edition, pages 1040-1062. 
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AGRANULAR BRONCHONOCARDIASIS 
(Bronchostreptothricosis, Pseudoactinomycosis) 


This is one of the most serious types of bronchomycosis. It generally 
runs a chronic course, although occasionally acute cases are met with. 
The patient loses flesh, becomes anaemic, and often has serotine fever; 
the expectoration is at first mucopurulent, and later tinged with blood; 
true haemoptysis may occur. Physical examination of the chest may 
reveal patches of dulness, crepitations and pleural rubbing; occasionally, 
however, the physical examination will reveal nothing at all. 

The microscopical and cultural examinations of the sputum are most 
important, for segments of thin, bacillary fungi will often be found, 
branching, at times acid-fast, and at times not acid-fast but gram- 
positive. Aerobic and anaerobic methods of cultivation should be used, 
as some nocardias (cohnistreptothrix) grow only anaerobically. 

The treatment of these cases consists of giving potassium iodide in 
large doses internally and autogenous nocardia vaccines by hypodermic 
injection. Occasionally this mixed treatment gives good results, but in 
my experience most cases do not answer to this or any other treatment 
I know of, and they end in death. 


GRANULAR BRONCHONOCARDIASIS 
Bronchoactinomycosis 


The clinical symptoms are very similar to those observed in agranular 
bronchonocardiasis, but the sputum contains small granules composed 
of an enormous number of thin mycelial filaments, mixed with some de- 
bris. This type of nocardiasis is more amenable to treatment than the 
agranular type, and potassium iodide in large doses is fairly often 
successful. 


Illustrative Cases of Agranular Bronchonocardiasis 


Case 1: European, male, 32 years of age, a planter in various tropical countries 
during the last twelve years. Two years ago he began complaining of slight 
cough, with very little expectoration. The physical examination of the chest 
revealed little, apart from a slight diminution of resonance in the left supra- 
clavicular region. Cutireaction negative. 

The sputum was examined 12 times for tubercle bacilli with constantly 
negative results. Instead, a branching, gram-positive, partially acid-fast 
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microdrganism was present, which I succeeded in growing. A protracted 
course of potassium-iodide treatment, combined with the subcutaneous admin- 
istration of autogenus vaccine prepared with the fungus, was very successful, 


Case 2: This is a most interesting case investigated at St. John’s Hospital by 
Dr. Woodward, who has kindly allowed me to quote it and has supplied me 
with the following notes: 


Captain, served through the war, and after demobilization went to Rhodesia where he 
had previously resided. In the early summer of 1922 he began to feel unwell, and showed loss 
of weight, and had a cough and some expectoration. A few weeks after this, he started to 
come home on leave to England, and the condition progressed. On his arrival in England 
he came to see me and told me this history: that he had lost a considerable amount of weight 
and brought up sputum that at times was blood-stained. He looked very ill, and appeared 
to be in a condition of rapid phthisis. On examining a direct smear of his sputum, I found 
it full of a network of branching rods, showing numerous ramifications, being acid-fast with 
the Ziehl-Neelsen stain. He had an even temperature, for some little time, which varied 
from 100 to 101. Shortly after this he went under the care of a physician, who tried all sorts 
of treatment of a medicinal nature without its having the slightest effect on the condition. 

My finding of nocardia (streptothrix) was confirmed in July last year by Dr. Benians, who 
inoculated a guinea pig intravenously. The animal showed considerable wasting, and was 
killed on the 16th day. Multiple nodules were scattered throughout the viscera. In August, 
1922, specimens of the sputum were sent to me periodically, always showing the same micro- 
scopical picture. Owing to the presence of pyorrhoea in the patient, I was asked to examine 
his gums. I did not find the nocardia, but there were spirochaetes very largely mingled with 
fusiform bacilli. 

In November there appeared two pyaemic abscesses,—one in the neck and the other in the 
side. I examined the pus from both of these places, and in direct smears they both showed 
the streptothrix to be present in very large quantities. No other organism was seen, nor was 
there any growth obtained of any other organism. 

He died in the month of November, 1922. 

I find that the organism was markedly acid-fast with the Ziehl-Neelsen stain, but, after 
keeping, the color tended to disappear. It was gram-positive, and showed distinct variations 
of staining inside the rods. The organism from the sputum was at first anaerobic, and I grew 
it in a glucose-broth. Later, when I obtained the organism from the pus, it was aerobic and 
anaerobic, and grew very much more easily on any media than when I had obtained cultures 
from the sputum. It showed a white, flowery-looking growth. I gave an intraperitoneal 
inoculation into a guinea pig and it died on the eighth day. 


Illustrative Cases of Granular Bronchonocardiasis 


Case 1: A Serbian soldier, aged 23, presented all the usual symptoms of 
pulmonary tuberculosis,—great loss of flesh, serotine fever, bloody expectora- 
tion. The physical examination of the chest revealed patches of dulness, 
with crepitations and pleural rubbings. The sputum was mucopurulent, and 
occasionally tinged with blood. It contained, at times, some very small 
whitish granules, the size of a pin-head and composed of an enormous number 
of thin, mycelial filaments, branching, gram-positive and partly acid-fast. 
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The fungus grew fairly well aerobically on maltose and glucose-agar. The 
colonies developed slowly, and were hard and firmly attached to the medium. 
They were of a pinkish color, and gelatine was slowly liquefied. Potassium 
iodide was administered in large doses and also hypodermic injections of an 
autogeneous nocardial vaccine, but without any marked beneficial result. 


Case 2: Young Indian student, 20 years of age. His medical attendant sent 
him to me, as he suspected tuberculosis, but he could never find the tubercle 
bacillus in the sputum. The patient was very thin, and had serotine fever 
and sweatings; he coughed a great deal; his expectoration was at times muco- 
purulent, and at times haemorrhagic. I had him cough, in my presence, 
into a sterile petri-dish, and in the sputum, which was mucopurulent, I noticed 
several minute yellowish bodies, or granules, which microscopical examination 
revealed as composed of thin mycelial elements, gram-positive, but not acid- 
fast. I grew the fungus with great difficulty. Potassium iodide in very large 
doses (gr. xxx, three times a day) without any vaccine had an almost wonderful 
effect ; within five weeks all the symptoms disappeared. 


BRONCHOANAEROMYCOSIS 


This mycosis has been investigated by Douglas, Thompson and my- 
self. We have given, temporarily, the generic name Anaeromyces to a 
group of bacillary fungi of the order Microsiphonales Vuillemin, 1912, 
which are found in certain cases of bronchitis, and which show transition 
and intermediate characters between the genus Corynebacterium Leh- 
mann and Neumann, 1896, the genus Mycobacterium Lehmann and 
Neumann, 1896, and the genus Nocardia Toni and Trevisan, 1889, 
(Cohnistreptothrix Pinoy, 1911, pro parte), of the family Nocardiaceae 
Castellani and Chalmers, 1918 (Actinomyces Lachner-Sandoval, Tricho- 
mycetes Petrusky). 

The microérganisms of this group, Anaeromyces, are very closely re- 
lated to the genus Corynebacterium Lehmann and Neumann (diphtheria 
and diphtheroid bacilli) and the genus Nocardia Toni and Trevisan 
(Actinomyces Harz, Discomyces Rivolta, Streptothrix Rossi-Doria, Ods pora 
Sauvageau and Radias, Cohnistrepthrix Pinoy, tro parte); but, in contrast 
to the former, branching is much more marked, and they are strictly 
anaerobic; and, in contrast to the latter, the mycelium is very much less 
developed, the growth is moist and not dry and crinkled, and they never 
give rise to actinomytic granules in the lesions. ‘They are gram-positive 
and nonmotile, and not acid-fast. These germs or similar ones were found 
in cases of bronchitis in 1904 by Chalmers and myself, and were referred 
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to in a short paper, read at the time as “Bronchial Anaerobic Diphtheroid 
Bacilli,” but the observation attracted very little notice. They are also 
somewhat similar to Bacillus vitulorum Fliigge. 


Anaeromyces Bronchitica Castellani, Douglas and Thompson 


Morphological and Staining Characteristics: The microérganism is bacillus- 
like, and resembles a diphtheroid bacillus in shape, but branching is much 
more marked. It is gram-positive and not acid-fast. It measures 3 to 5 
micra in length, and 0.3 micra in breadth. 

Motility: The microdrganism is nonmotile. 

Relation to Oxygen: It is an obligate anaerobe. 


Fic. 6. ANAEROMYCES BRONCHITICA, CASTELLANI, DOUGLAS AND THOMPSON 


Cultural Characters: Provided a strictly anaerobic technique be used, the 
germ grows well in many of the usual laboratory media. The growth on 
glucose-agar and other media is not very characteristic. The fungus does not 
seem to grow in gelatine at 22°C. 

Biochemical Reactions: There is no formation of acidity or gas in any carbo- 
hydrate we have experimented with, namely, glucose, levulose, maltose, 
galactose, saccharose, lactose and inulin. 

Animal Experiments: The action of this microérganism in lower animals has 
not been fully investigated, but it does not seem to be pathogenic for guinea 
pigs, rabbits or mice. 
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Pathological Conditions in Man in which Anaeromyces Bronchitica has | 
been found 


The fungus has been isolated from a fairly large number of cases of 
bronchitis which may be classified into two groups, namely (1) the 
haemorrhagic type, and (2) the mucopurulent type. 

Cases of haemorrhagic type closely resemble pulmonary tuberculosis. 
There may be intermittent or remittent fever; the patient may become 
anaemic and loses flesh; the expectoration contains blood, and is at 
times of very characteristic bright brick-red color. Physical examination 
of the chest may be at times almost completely negative; at other times 
it may show signs, such as patches of dulness and crepitations, pointing 
to tuberculosis. 

The symptoms noted in the mucopurulent type do not differ from 
those of an ordinary case of subacute or chronic bronchitis. The sputum 
is mucopurulent, or at times purulent; there may be slight fever, but the 
general condition of the patient is not affected for a long time. In some 
cases the mucopurulent type, after a variable period of time, turns into 
the haemorrhagic type. 


Geographical Distribution 


The microérganism has been found in cases which contracted the dis- 
ease in Ceylon, in the Federated Malay States, in Serbia, Italy, France 
and England. 


Mixed Infection 


The microérganism has been grown occasionally from bronchial cases 
in which monilia and other fungi, and also the tubercle bacillus, were 
present. 


Pathogenicity of Anaeromyces 


The animal experiments carried out by Douglas do not seem to show 
that the germ causes any very serious lesion in guinea pigs, rabbits or 
mice, and this is, of course, an argument against the microdrganism’s 
being pathogenic. On the other hand, the following facts are in favor 
of its pathogenicity for man: (1) the anaeromyces present in the sputum 
rapidly decrease in amount, and finally disappear with the gradual im- 
provement of the bronchial condition; and (2) in a number of cases the 
haemorrhagic expectoration very rapidly ceases, and all the symptoms 
quickly disappear, when an anaeromyces vaccine is used without any 
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other treatment. It is therefore probable that anaeromyces has at least 
some part in the aetiology of certain cases of haemorrhagic bronchitis. 


BRONCHOVIBRIOTHRICOSIS 


Fungi of the type Vibriothrix have been found in certain cases of 
chronic bronchitis, but it has not yet been established whether these 
fungi are pathogenic. 


Oritm Oipium Orpiem 
Rorunpatum, ASTEROIDES, MATALENSE, 
CASTELLANI. CASTELLANI. CASTELLANI, 


Fic. 7. CULTURES OF VARIOUS OIDIA 


BRONCHOOIDIOSIS 


This is clinically identical with bronchomoniliasis, and, as in the case 
with bronchomoniliasis, a primary and a secondary form should be dis- 
tinguished. The fungi belong to the genus Oidium sensu Pinoy, and are 
characterized by abundant mycelium with numerous arthrospores but, 
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Fic. 8. Orprum ROTUNDATUM FROM CULTURE 
Fic. 9, Orprum ASTEROIDES FROM CULTURE 


in contrast to Monilia, free yeast-like budding cells are absent or rare. 
They may produce acidity in various sugars and other carbohydrates, 
but never gas. This genus (sensu Pinoy) contains four principal species: 


Oidium lactis Link, 1809. 

Oidium rotundatum Castellani, 1911. 
Oidium asteroides Castellani, 1914. 
Oidium matalense Castellani, 1915. 
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They may be differentiated as follows: 


1: Surface of the culture smooth or only very slightly crinkled; produces 
acidity in glucose, though not constantly, but in no other carbohydrates. 
Oidium lactis. 

2: Surface with duvet; produces no acidity or only very slight in the usual 
carbohydrates. Oidium matalense. 

3: Surface vermiform; acidity in glucose, levulose, galactose, maltose and 
lactose. Ozidium rotundatum. 

4: Colonies with peculiar radiating appearance. Ovzdium asteroides. 


The reader interested in mycology may find further details regarding 
these fungi in Castellani and Chalmers’s Manual of Tropical Medicine, 
3rd edition, page 1093. 


BRONCHOHEMISPOROSIS 


This condition, first described in 1910 by me, in Ceylon, is due to fungi 
of the genus Hemispora Vuillemin, which are characterized by the conid- 
iophores terminating in an ampulliform structure, with formation of 
Protoconidia and Deuteroconidia. The species which have so far been 
isolated are two, one identical to Hemispora rugosa Castellani, previously 
found in the tropics, and the other probably a new species or at least 
variety,—Hemispora pararugosa Castellani, Douglas and Thompson. 
The principal characters of these two fungi are, briefly, the following: 


Hemispora rugosa Castellani, 1910 (synonym, Monilia rugosa Castellani, 1910): 
Is a hyphomycete with the botanical characters of the genus Hemispora; 
is gram-positive but not acid-fast; the growth on glucose-agar is abundant 
with a crinkled surface, occasionally cribriform, and of an amber-yellow or 
brownish color. No gas is produced in any sugar, but a little acidity may be 
present in glucose, levulose, saccharose and maltose. The fungus usually has 
no action on milk, but occasionally it induces a slight degree of peptonization, 
with a small coagulum at the bottom of the tube. Gelatine is very slowly 
liquefied. ‘This fungus was first found by me in cases of bronchitis and tonsil- 
litis, in Ceylon, and later by Pijper in certain cases of thrush. I at first placed 
the fungus temporarily in the genus Monilia, later removing it, at the sugges- 
tion of Professor Pinoy, to the genus Hemispora. 

Hemispora pararugosa Castellani, Douglas and Thompson, 1921, is mor- 
phologically and culturally very similar to Hemispora rugosa. It is gram- 
positive, but not acid-fast. It does not produce gas or acid in the usual sugars 
and carbohydrates, but at times produces acidity in starch. It does not 
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Hemispora Rucosa, CasTELLANI. 


Fic. 10. CuLTURES OF HEMISPORA RUGOSA ON GLUCOSE-AGAR 
Fic. 11. HemisporaA RuGOSA VAR. PARARUGOSA 


567 


aq 
| 
| 
ay 
Rucoss, 
SAP 
11 


568 ALDO CASTELLANI 


liquefy gelatine, and there is no production of acid or clot in milk. It is prob- 
ably only a variety of Hemispora rugosa. 


Sympiomatology 


A mild type and a severe type of the affection can be distinguished. 
In the mild type the general condition of the patient is good, there is no 
fever, and he simply complains of cough. The expectoration is muco- 
purulent, and does not contain blood. The physical examination of the 
chest is negative, or only reveals a few coarse rales. 

The severe type closely resembles phthisis; the patient becomes 
emaciated, there is hectic fever, and the expectoration may be bloody. 
The physical examination may reveal patches of dulness, fine crepita- 
tions and pleural rubbing. It is interesting to note that the affection 
occasionally develops after a tonsillitis caused by the same fungi, and 
characterized by the presence of yellowish or greyish patches. 


Treatment 


Potassium iodide in large doses generally answers well. 


BRONCHOENDOMYCOSIS 


This is caused by fungi morphologically identical with monilia, but old 
cultures show the presence of asci. It is a rare condition. The symp- 
toms and the treatment are the same as for bronchomoniliasis. 


BRONCHOASPERGILLOSIS 


This affection, known also as Broncho-astergillomycosis, pseudotuber- 
culosis, Astergillus tneumomycosis, and in France maladie des gaveurs 
des tigeons (pigeon-breeders), is caused by fungi of the genus Aspergillus 
Micheli and Sterigmatocystis Cramer. These fungi are easily recognized 
by their very characteristic fructifications: the conidiophore terminates 
into an ovoid or roundish formation, from which originate numerous 
elongated claviform elements, each of which supports a chain of roundish 
conidia. These fungi are generally saprophytes, but occasionally they 
become true parasites. They grow quite easily in both acid and alkaline 
media. It is interesting to note that iron and manganese have a favora- 
ble influence on their growth and sporulation. When growing parasiti- 
cally in the tissues of man and animals, they often lose some of their char- 
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acters and the typical fructifications are often absent, only mycelial 
segments and yeast-like cells being seen. 

The classification of Aspergillus is difficult. In practice the principal 
types may be different as follows: 


1: Conidia, of very large size (9 to 15 micra in diameter), yellow, or reddish- 
yellow, or golden-brown. Aspergillus herbarorum Wiggers. 

2: Similar to herbarorum in general characteristics, yellow or yellowish-green, 
but conidia somewhat smaller, though still large (7 to 8 micra). Aspergillus 
repens DeBary. 

3: Similar to two preceding types, as regards color and being yellow or greenish- 
yellow, but spores smaller (5 to 7 micra in diameter) and with a granular 
surface. Aspergillus flavus DeBary. 

4: On solid media, brownish-black if the medium is alkaline or neutral, 
greenish if the medium is acid; conidia smali (2 to 3 micra) and smooth. 
Aspergillus fumigatus Fresenius 1775. 


Symptomatology 


There are signs of mucopurulent bronchitis. In severe cases haemop- 
tysis may occur and there may be serotine fever. The disease often 
terminates fatally, and at postmortem examination numerous mycotic 
nodules may be found in the lungs and occasionally in the liver and 
kidneys and other organs. Care should be taken to distinguish second- 
ary Aspergillosis from primary Aspergillosis. Secondary Aspergillosis 
occasionally develops into tuberculosis, and not very rarely in gangrene 
of the lungs. 


Diagnosis 
This is based on the mycological investigation of the sputum. It is 


important to note that, as a rule, in the sputum only conidial elements 
and mycelial elements are seen microscopically. 


Treatment 
This is difficult. Potassium iodide is useful in incipient cases, and a 


change of climate and occupation should be recommended. 


BRONCHOPENICILLIOSIS 


The condition is clinically identical to Bronchoaspergillosis, but the 
causative fungi belong to the genus Penicillium Link. Fungi of this genus 
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Fic. 14. SPoROTRICHUM 


3.Penicillium fructification. 


fructification. 
Fic. 13. Ratzomucor Parasiticus, LucET AND CONSTANTIN 


1.Aspergillus 
Fic. 12. FRUCTIFICATION OF ASPERGILLUS, STERIGMATOCYSTIS AND PENICILLIUM 
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are characterized by their fructifications, the whole fruit-bearing hypha 
with its sterigmata and conidia resembling a hair-pencil (penicillium— 
hair pencil). The species most frequently found in man is Penicillium 
crustaceum Linnaeus (synonyms Penicillium glaucum Linnaeus, Moni- 
lia digitata Persoon). It is often found living saprophytically on 
bread, cheese and fruits. The conidia are spherical and smooth, and of 
a maximum diameter of 4 micra. 


In Macedonia, during the World War, a Serbian soldier was sent to the 
hospital to which I was attached, with the diagnosis of pulmonary tuberculosis. 
He had been wasting for two months, and had serotine fever. His expectora- 
tion mucopurulent, and at times bloody. Repeated examinations for tubercle 
bacilli were negative. A few mycelial threads were present. A fungus was 
grown with the characters of a penicillium, probably Penicillium crustatum. 
Potassium iodide in full doses acted well. 


BRONCHOMUCORMYCOSIS 


This term is used to designate bronchial and bronchial-alveolar af- 
fections associated with fungi of the genus Mucor Micheli, 1729, and the 
following genera: 


Lichtheima Vuillemin, 1904. 
Rhizomucor Lucet and Constantin. 
Rhizopus, Ehrenberg. 


These genera belong to the family Mucoraceae, the members of which 
are characterized principally by the following features: Aerial hyphae are 
present (gonidiophores), each of which supports on its distal extremity a 
pear-shaped globular or claviform formation, the sporangium or gonidi- 
angium, which is at first separated from the gonidiophore by a septum. 
The septum later protrudes into the lower part of the sporangium, to 
form a variously-shaped structure called a columella. 

Inside the sporangium, gonidia (endospores) develop by free cell- 
formation. Part of the sporangial protoplasm, not used in the formation 
of the endospores, becomes transformed into a peculiar mucilaginous sub- 
stance, which, at a later period, becoming swollen by the absorption of 
water, causes the bursting of the sporangium. Each endospore or gonid- 
ium, which has become free in this way, gives rise to a mycelial tube by 
germination. The mycelial tubes ramify, and an abundant mycelium 
is produced. 
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In some species a form of partial sexual reproduction takes place by a 
process of zygosporosis, or conjugation of two gametes, which morpho- 
logically are not of different shape or structure; that is to say, they are 
not sexually differentiated. It must be noted that many species, when 
growing in unfavorable media, reproduce only by conidia. They require 
plenty of oxygen, and therefore the medium tubes must never be closed 
with rubber caps; otherwise they lose their characteristics and grow 
monilia-like or yeast-like. The family Mucoraceae may, from a practical 
point of view, be classified as follows: 


1: Mycelium ramified, no rhyzoids (root-like hairs by which the plant is 
attached to the medium). Mucor, Micheli, 1729. 

2: Mycelium nonramified, with or without rhyzoids, sporangium terminates 
in a special formation, encircling the base of the columella. Lichtheima, 


Vuillemin, 1904. 
3: Mycelium provided with rhyzoids, columella ovoid. Rhyzomucor, Lucet, 


Constantin, 1900. 
4: Mycelium provided with rhyzoids, columella hemispheric, mushroom-like. 


Rhizopus Ehrenberg, 1820. 


For further particulars on the botanical classification of these fungi, 
the readers may consult Castellani and Chalmers’s Manual of Tropical 
Medicine, 3rd edition, pages 972-977. 


Illustrative Case 


During the World War, while I was in the Balkans, in 1917, a Serbian 
soldier was sent to me with the diagnosis of pulmonary tuberculosis. He 
was losing flesh rapidly and felt very weak. He had slight fever at night, 
and a fair amount of expectoration, generally mucopurulent. The 
physical examination of the chest revealed nothing except a few coarse 
rales. Microscopical examination of the sputum for tubercle bacilli was 
constantly negative; instead, a few segments of mycelium were noticed 
on several occasions; glucose-agar tubes and other media were inoculated, 
and a fungus was isolated which at first showed the characters of a mo- 
nilia; in subcultures, however, the characteristic features of a mucor ap- 
peared, with the presence of the globular sporangia (columella) 5 micra 
in diameter, of yellowish color, and the spores elliptical, smooth. In 
what way did this man get infected? He was in charge of horses, and 
often had to remove the horse-dung, and, as is well known, horse-dung 
almost always contains mucor. 
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BRONCHOACREMONIELLASIS 


In a case, at first considered to be a Bronchoaspergillosis, Perin isolated 
a fungus which was investigated by Pollacci. In glucose-agar it produces 
a growth, which is at first whitish but later soon becomes black. The 
microscopical examination of the cultures shows abundant septate my- 
celium, the hyphae being 3.5 to 4 micra in breadth. Each conidiospore 
bears a terminal round spore, 7.7 to 9.7 micra in diameter, of a dark- 
brown color. Pollacci considers the fungus to belong to the genus 
Acremoniella and has called it Acremoniella Perini. Clinically, Broncho- 
acremoniellasis is identical with Bronchoaspergillosis. 


BRONCHOCLADOSPORIOSIS 


From a case of chronic bronchitis with occasionally haemorrhagic 
sputum I have isolated a fungus very similar to Chlorosporium mansoni 
Castellani which is the cause of Tinea nigra. Potassium iodide answered 


well. 


BRONCHOACLADIOSIS 


From two cases of chronic haemorrhagic bronchitis I have isolated a 
fungus, which does not seem to differ in any important point from Acla- 
dium castellanit Pinoy, which is the cause of a peculiar ulcerative condition 
of the skin. The two cases got well on potassium iodide. 


BRONCHOSPOROTHRICOSIS 


In cases of dermal sporothricosis the fungus may occasionally attack 
the bronchi and the pulmonary tissues. But there is also, though it is 
rare, a primary Bronchosporothricosis. The patient has the symptoms 
of severe bronchitis or bronchopneumonia, with mucopurulent expectora- 
tion, occasionally tinged with blood. The diagnosis is based on the 
microscopical and cultural examinations of the sputum. The micro- 
scopical examination will show the presence of yeast-like bodies in certain 
cases; in others it will be completely negative. The sputum should be 
inoculated into several tubes of maltose-agar, and left at room tempera- 
ture for several days. In positive cases whitish colonies generally appear, 
which soon coalesce, forming a whitish cribriform mass, and this be- 
comes black or brownish later. For the determination of species, hang- 
ing-drop cultures must be prepared, and also cultures on various media, 
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etc. The classification is based principally on the size and shape of the 
conidia, and may be found in the chapters on fungi in Castellani and 
Chalmers’s Manual of Tropical Medicine. 

The prognosis is quite favorable, provided a correct diagnosis is made 
at an early stage. Potassium iodide in large doses is a specific. 


CONCLUSION 


In conclusion it would seem to me that the subject of bronchitis and 
broncho-alveolitis of fungal origin deserves to attract more attention 
than has been the case hitherto. The subject is of practical importance: 
these conditions are not very rare, even in temperate climates, and in 
some cases, if an accurate diagnosis is made in time, a cure can be ob- 
tained. I should like however to emphasize the point that secondary 
bronchomycoses are quite common and that the mere finding of a fungus 
in the sputum is not sufficient to establish a diagnosis of primary broncho- 
mycosis; every possible investigation should be carried out to exclude 
tuberculosis. 


THE CLINICAL MANIFESTATIONS OF PNEUMONOMY- 
COSIS! 


LOUIS HAMMAN 


It is difficult to speak of the symptoms of a condition which has no 
characteristic marks by which it may be recognized. Mycotic disease 
of the lungs presents no distinctive clinical picture, but masquerades in 
the likeness of a number of well-known pulmonary affections, so that it 
can be identified only after a searching investigation. The clinical 
features of the condition may be compressed into the terse statement 
that a fungus infection should always be suspected when there is pul- 
monary disease that does not readily and easily fit into one of the ac- 
cepted diagnostic categories, and suspicion should stimulate the effort to 
demonstrate the presence of fungi in the secretions. However, although 
it is essential to the diagnosis that the presence of the microérganism be 
established, still, sometimes, even when present, it may escape detection, 
and at other times, even when found, it may not be the cause of the pul- 
monary lesion. For the relation of fungi present in pulmonary secretion 
to the underlying pulmonary disease is threefold. 


1: The fungus may be present in the secretion as a saprophyte and have nothing 
to do with the lung lesion. 

2: The fungus may have entered the lung as a secondary invader but having 
gained a foothold it may mingle with the previously existing disease and cause 
important and profound alterations in the course of events. 

3: The fungus may be the primary and the sole infecting agent in the disease. 


Fungus disease of the lungs may simulate any of the subacute or chronic 
pulmonary affections; but it is more commonly mistaken for tuberculosis 
than for any other condition, and this gives it a special interest for physi- 
cians occupied principally with the diagnosis and treatment of pulmonary 
tuberculosis. While secondary invasion of the lungs by fungi is not un- 
common and lung nodules are frequently found in generalized fungus 
infections, nevertheless mycosis of the lungs, as a primary and independ- 


1 Presented before the Pathological Section of the twenty-third annual meeting of the 
National Tuberculosis Association, Indianapolis, Indiana, May 24, 1927. 
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ent affection, is a rare disease, especially in this country. If you exclude 
infection with the streptothrix group of organisms it is an extremely 
rare disease. 

Among the moulds, penicillium, aspergillus and mucor are the three 
varieties of clinical interest. They are found frequently in external 
lesions, particularly in chronic suppurative infections of the ear. Not 
uncommonly they are secondary invaders of the lung. Penicillium is 
probably always a saprophyte, and takes no part in altering the course of 
the pulmonary disease with which it is associated. Emerson has described 
two instances of primary pneumonomycosis due to penicillium, but upon 
further study they turned out to be infections by aspergillus. Aspergillus 
and mucor often invade the lung tissue, and by their growth produce 
extensive anatomical lesions and no doubt add important clinical symp- 
toms to those caused by the primary disease. Such invasion has been 
found chiefly in association with tuberculosis. 

Primary and independent infection of the lung occurs with Aspeeilias 
fumigaius. The earliest clinical observations were made on pigeon- 
crammers by Chantemesse, Dieulafoy and Widal in 1890. In the proc- 
ess of cramming pigeons grain is taken into the mouth, the pigeon’s bill 
is caught between the lips, and the grain is blown forcibly into the mouth 
of the pigeon. Pigeons suffer frequently from mould infection of the 
lungs and tissues about the bill, and the crammers may contract disease 
either from the pigeons or from the mouldy grain. The same condition 
is found also among hair-sorters and sponge-cleaners, infection coming 
from the meal used in these occupations. Clinically the disease is indis- 
tinguishable from tuberculosis. It begins with cough, haemoptysis and 
fever, and the physical signs are those usually found in pulmonary tu- 
berculosis. ‘The disease is very chronic; it may last for many years and 
finally end in a condition of extreme fibrosis. A patient reported by 
Mascaigne and Nicaud had symptoms for fifty-two years. In addition 
to the tubercular form of the disease, there is a bronchitic type character- 
ized by severe bronchitis and often accompanied by asthmatic symptoms. 

Reports of primary aspergillosis of the lungs are not uncommon from 
France, Italy and South America, but I know of only three authenticated 
instances published as from this country. Two were the patients of 
Emerson already referred to. Steele described a patient who, in associa- 
tion with a number of subcutaneous abscesses, developed a pulmonary 
lesion in the left upper lobe. Aspergillus versicolor was cultivated from 
the abscesses and also from the sputum. 
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Infection with mucor is less common than with aspergillus, but some 
authors (for instance, Land and Grubauer) insist that mucor has greater 
invasive power. Mucor is nearly always a secondary invader and is 
usually associated with tuberculosis. Lord doubts the existence of 
independent mucor disease. Two presumptive instances are reported, 
one from this country. Lucet and Constantin observed a farmer with 
symptoms of chronic pulmonary tuberculosis. No tubercle bacilli could 
be found, but the sputum was filled with a mould which they identified as 
Rhizomucor parasiticus. Iodine treatment led to recovery. Ernst re- 
ported observations on a young farmer with chronic pulmonary disease. 
Tubercle bacilli, although thoroughly searched for, were never found in 
the sputum. On three separate occasions a pure culture of Mucor 
corymbifer was grown. 

Sporothricosis is not an unusual infection in the United States. Since 
the discovery of the microérganism by Schenck at the Johns Hopkins 
Hospital in 1898, instances have been reported from all parts of the 
country. ‘The disease usually begins as a local lesion, following an abra- 
sion or a cut. From this lesion it spreads locally, and it may later 
metastasize to the internal organs. During this generalized spread of 
the disease the lungs are frequently involved. The pulmonary lesions 
are similar to those in the skin, and they produce the clinical picture of 
bronchopneumonia. In the classical volume of deBeurmann and 
Gougerot, published in 1912, the literature up to that date is thoroughly 
reviewed. The authors could find only two cases of primary and inde- 
pendent sporothricosis of the lung. In both the symptoms resembled 
somewhat those of a chronic pulmonary tuberculosis. Dr. Forbus? 
has described the remarkable instance observed at the Johns Hopkins 
Hospital. The patient, a young woman thirty-four years of age, was 
referred to the hospital for study by Dr. Charles L. Minor of Asheville. 
He had had her under observation for some months, and came to the con- 
clusion that she did not have tuberculosis and suggested the possibility of 
a fungus infection. The patient had had cough, expectoration and short- 
ness of breath for three years. An X-ray, taken over a year before ad- 
mission to the hospital by Dr. F. H. Baetjer, was diagnosed as enlarged 
mediastinal lymph nodes. The lungs, especially the right, showed the 
signs of a diffuse infiltration with fibroid retraction. There was stridor 
due apparently to tracheal compression. The Wassermann reaction was 


2 See Pulmonary Sporotrichosis, page 599, this issue. 
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strongly positive and, since tubercle bacilli had never been found and 
pulmonary fibrosis was extensive, a diagnosis of pulmonary syphilis 
with tracheal stenosis was made. Dr. Forbus has pictured in detail 
the pathological findings. The only point open to discussion is whether 
or not the sporothrix infection was primary. 

Another case of pulmonary sporothricosis at the Johns Hopkins Hospital 
was under the care of Dr. Thomas R. Boggs. The patient, 56 years of 
age, had had cough for over thirty years. Indeed, at twenty years 
of age he was told he had tuberculosis. Cough and expectoration had 
persisted since then with occasional haemorrhages. Emphysema, fibro- 
sis and dyspnoea gradually developed. Tubercle bacilli had been consis- 
tently sought for but never found, and guinea-pig inoculations had been 
negative. The lungs showed extensive emphysema with marked pul- 
monary infiltration. Sputum cultures were made six times on Sabau- 
reau’s medium. Three remained negative; in the other three grew 
a small number of sporothrix colonies. Here again there arises the ques- 
tion of whether the sporothrix was the primary cause of the pulmonary 
disease. The duration of the illness over a period of thirty-six years, 
with marked pulmonary infiltration and fibrosis and the gradual de- 
velopment of emphysema and dyspnoea, is remarkable. 

Infection with blastomyces is rather common in this country, and 
excellent studies of the condition have been published by American au- 
thors. Local infections involve the skin and bones, and these are amen- 
able to appropriate surgical and medical treatment. Curiously enough, 
cases of cutaneous infection seldom develop generalized disease. Sys- 
temic blastomycosis is considered to be secondary to pulmonary infec- 
tion, but the disease never remains localized in the lungs. The evidence 
pointing to the lungs as the usual portal of entry is the fact that these 
organs are always extensively affected and that in most instances res- 
piratory symptoms usher in the disease. Therefore systemic blastomyco- 
sis is of great interest from the standpoint of the lungs, even though it is 
never an exclusively pulmonary disease. Stober, and Wade and Bel 
give excellent summaries of the condition. In 1916 Wade and Bel col- 
lected 47 cases from American reports. The disease usually begins with 
the symptoms of a severe cold, namely, cough, expectoration (sometimes 
bloody), fever and other constitutional symptoms. Dulness, altered 
breath-sounds, and rales are often present and, since the lesions are fre- 
quently in the upper lobes, the similarity to tuberculosis is complete. 
Pleural involvement is also frequent. The diagnosis can be made only 
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by finding the microérganism in the sputum or when subcutaneous nod- 
ules and abscesses appear. The involvement of the lungs, disclosed at 
autopsy, is always much more extensive than the physical findings 
would lead one to predict. 

Infection with the nearly allied fungus, Coccidioides immitis, produces 
pathological lesions resembling tuberculosis still more closely, and equally 
deceptive clinically. About 50 cases of this infecton have been reported, 
nearly all of them as occurring in California. The disease is more malig- 
nant than blastomycosis, and usually its local lesions are promptly fol- 
lowed by systemic invasion. In may instances it begins as a pulmon- 
ary infection, and the picture is the one typical of pulmonary tuberculo- 
sis. There is cough, blood-stained sputum, fever, loss of weight and weak- 
ness. Physical examination reveals the signs that confirm the impression 
of tuberculosis. Pleural effusion iscommon. The diagnosis can be made 
only by finding the microérganism. It should be pointed out that both 
blastomyces and coccidioides may be associated with tuberculosis, when 
these forms, as well as tubercle bacilli, may be present in the sputum. 

About infections of the lungs by the imperfect fungi, monilia, torula 
and oidium, only a few words need be said. As far as I know, no case 
of pulmonary moniliasis has been observed in this country except the 
instance reported by Boggs and Pincoffs. However, Boggs tells me that, 
were he now reporting the case, he would classify it under sporothrix. 
The patient had a large axillary abscess, which penetrated the chest-wall 
and involved the lung. The only torula infection of the lung that I know 
about has been recorded by Sheppe. While in the University of Virginia 
Hospital his patient was suddenly taken ill with high fever, and shortly 
afterward signs of consolidation appeared over the right lower lobe. 
Later the whole right lung became involved, and there was dulness at the 
left base. The absence of leucocytosis was noteworthy in this case. 
The patient died about two months after the onset of the disease, with 
a clinical diagnosis of unresolved pneumonia. The correct diagnosis 
was not suspected until at autopsy the study of frozen sections gave the 
clue. The microédrganism was grown in pure culture and, when injected 
intratracheally into rabbits, produced pulmonary lesions similar to those 
found in the patient. Oidium is occasionally found in the lung as a 
secondary invader, usually in association with pulmonary tuberculosis 
and following infection of the buccal cavity. 

The streptothrix group is the most common and the most important 
of fungus invaders of the lung. Not only do the lesions which they pro- 
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duce resemble tuberculous lesions, but the microérganisms themselves are 
closely related biologically to the tubercle bacillus. The suggestion 
has been made repeatedly that the tubercle bacillus be classified as a 
streptothrix. In this group are included actinomyces, mycetoma, no- 
cardia and other forms of streptothrix. Various names have been given 
to members of this group, but clinically they are usually classified as 
actinomyces and streptothrix, the latter name including a number of 
closely related yet differing forms. For instance, mycetoma, the strep- 
tothrix causing madura foot, has not been found as a primary cause of 
pulmonary disease. For streptothrix to gain a foothold in tissue, trauma 
is necessary, and infection generally occurs in association with the intro- 
duction of a foreign body. ‘The skin, mucous membranes, bones and lungs 
are the usual sites of disease. Septicaemia may occur, and streptothrix 
has been cultivated from the blood on a number of occasions. 

Leaving aside infection with actinomyces, Foulerton, in a series of 78 
definite streptothrix infections, found the lungs to be the primary site 
of infection in 18 per cent. More commonly they become involved 
secondarily to disease of the skin, mucous membranes or bones. The 
streptothrix is present, not infrequently, as a saprophyte in the mouth, 
and far-reaching conclusions must not be drawn from only the presence 
of the microérganism in the sputum. The relation of trauma to infection 
is beautifully shown in the interesting case reported by Callender and Cou- 
pal. Following the aspiration of a chicken bone their patient had cough 
and a series of pulmonary episodes diagnosed as influenza, pneumonia, 
bronchitis and bronchiectasis. Two years after the accident he died with 
the symptoms of cerebral abscess. At autopsy a chicken vertebra was 
found lodged in the right bronchus, and throughout the lungs were 
scattered many small nodules and areas of consolidation, some undergo- 
ing suppuration. One small cavity was present. An anaerobic strepto- 
thrix, pathogenic for guinea pigs, was grown from the abscess in the 
brain. The streptothrix, like other fungi, produces changes in the lung 
simulating tuberculosis both anatomically and clinically. The pleura 
is usually involved, and in most instances empyema finally develops. 
Amyloid disease is sometimes the terminal event. I have seen two cases 
of streptothricosis, one presenting the picture of pulmonary tuberculosis 
with empyema, the other that of a diffuse tuberculosis of both lungs, 
yet without the constitutional symptoms that would almost necessarily 
accompany such extensive tuberculous disease. In the latter instance 
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the X-ray examination was of great aid in diagnosis, as I shall point out 
later. 

Actinomycosis is the best known of the pulmonary mycoses. Primary 
disease of the lung is not uncommon. The clinical symptoms are well 
known, and everyone, I am sure, has seen instances of the disease. The 
chief distinguishing features of the condition are massive fibrosis and ex- 
tensive pleural involvement leading generally to perforation of the chest- 
wall. 


SUMMARY 


Fungi frequently inhabit the respiratory passages as saprophytes, and 
their occurrence in sputa is not conclusive evidence that they are the 
cause of the disease under consideration. Whether under these circum- 
stances their presence is altogether innocuous cannot be definitely de- 
cided now. It has been suggested that they may be harmful by their 
elimination of toxins or ferments, thus causing local irritation and per- 
haps even remote deleterious effects. Steinfield, in studying cases of 
chronic bronchitis with asthma, frequently found in the sputum various 
yeasts, particularly monilia, cryptococcus and endomyces. The symp- 
toms were much benefited by the administration of iodides. Fungi 
frequently enter the lungs as secondary invaders, complicating the pre- 
existing disease. They are commonly associated with tuberculosis, but 
occur also with bronchitis, bronchiectasis, abscess, carcinoma, etc. Fungi 
are less frequently the primary and independent cause of pulmonary dis- 
ease. The lesions they produce are varied, and the clinical symptoms 
may resemble bronchitis, bronchiectasis, tuberculosis, bronchopneu- 
monia, abscess, pleurisy, empyema, and new growth. The disease is 
usually chronic and, as fibrosis is extensive, the terminal stage may be 
the clinical picture of pulmonary cirrhosis. 

The disease in most instances is mistaken for tuberculosis, and can be 
distinguished from it only with difficulty. This difficulty is increased by 
the fact that the two diseases are often combined. Points that are 
sometimes helpful in differentiation are: 


1: The constitutional symptoms characteristic of tuberculous disease may not 
be so marked in fungus infections. 

2: In fungus infections the progress of the disease is sometimes extremely 
slow, and is marked by the development of extraordinary fibrosis. 
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3: Tuberculous lesions in adults nearly always involve one or both upper lobes. 
Pulmonary disease involving only the lower part of the lungs is seldom tubercu- 
lous. Since fungi frequently cause lesions near the hilum or in the lower lobes, 
the location of the disease is sometimes an important help in diagnosis. 


It is possible that immunity reactions may come to play a part in 
diagnosis. For sporothrix and streptothrix agglutination and comple- 
ment-fixations tests have been devised, and for sporothrix a subcutaneous 
and intracutaneous hypersensitiveness test similar to the tuberculin 
reaction. These tests are not specific for a given variety of fungus but 
react to other allied microédrganisms. ‘They may turn out to be of value 
in determining that invasion has actually occurred when fungi are found 
in the sputum. 

Finally, the X-ray may give highly suggestive evidence. For the 
most part the roentgenologist will diagnose fungus disease of the lungs as 
tuberculosis. Dr. F. H. Baetjer tells me that he has never felt sufficiently 
confident to make a definite diagnosis of pneumonomycosis from the X- 
ray plate alone. However, certain pictures interpreted in the light of 
the history and other clinical findings are highly suggestive. There are 
three such pictures: 


1: A dense shadow, with irregular margins and radiating bands, situated near 
the hilum and without the surrounding soft shadows usually seen in tuberculosis. 
2: Scattered small, clearly defined shadows, sometimes with, sometimes 
without, one or more larger dense shadows. In the case of streptothricosis 
reported by Glaser and Hart, there was a large dense shadow in the left upper 
lobe and numerous clearly defined shadows, some as large as a cherry, scat- 
tered throughout the right lung. At autopsy these shadows corresponded with 
small abscesses. 

3: A dense mottling of one or both lungs, with numerous small shadows re- 
sembling the picture of acute disseminated miliary tuberculosis. Such an 
instance has come under my notice: 


A young woman, 25 years of age, had had severe cough and profuse mucopurulent expectora- 
tion for a year, but no fever or other constitutional symptoms. The examination disclosed 
moderate emphysema, with infiltration in the right upper lobe and numerous moist rales on 
the right side and sonorous and sibilant rales generally distributed over both sides. There 
was moderate cyanosis. The sputum was filled with eosinophiles, and the differential count 
of the leucocytes of the blood showed 6 per cent of eosinophiles. The Wassermann reaction 
was negative, and no tubercle bacilli were found in the sputum. The X-ray plate of the 
chest was a remarkable picture. It showed an extensive soft mottled infiltration of the en- 
tire right and left lungs, with fibroid infiltration of the right upper lobe. The only diagnosis 
justifiable from the plate was an old tuberculosis of the right upper lobe, with miliary infil- 
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tration of the entire right and left lungs. However, in the face of the history and the other 
clinical findings, the diagnosis of extensive miliary tuberculosis was untenable, and the 
contrasting data at once suggested the possibility of a fungusinfection. The patient was 
under observation but a single day, and no fungi were found in the one specimen of sputum 
examined. A year and a half later Dr. Paul Clough succeeded in demonstrating masses of 
branching filaments morphologically typical of streptothrix in many specimens of sputum. 
Attempts to cultivate the microdrganism failed. 
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FUSO-SPIROCHAETAL DISEASE OF THE LUNGS 


ITS BACTERIOLOGY, PATHOLOGY AND EXPERIMENTAL 
REPRODUCTION! 


DAVID T. SMITH? 


Evidence is accumulating from clinical, bacteriological, pathological 
and experimental studies to indicate that a number of pulmonary condi- 
tions, previously regarded as distinct diseases, are in reality different 
manifestations of one type of infection. This group includes (1) pul- 
monary gangrene, (2) pulmonary abscess (spontaneous and postopera- 
tive), (3) certain types of unresolved pneumonia, (4) bloody bronchitis, 
(5) putrid bronchitis and (6) primary bronchiectasis. 

Their common origin is suggested by the frequent occurrence of two 
or more of these conditions in the same patient; thus, abscess may exist 
in one part of the lung and gangrene in another, or a patient with abscess 
may develop bronchiectasis in a neighboring bronchus or in the other 
lung. Bloody bronchitis of several years duration may be followed by 
putrid bronchitis or chronic bronchiectasis, and certain types of unre- 
solved pneumonias may terminate in abscess or bronchiectasis. 


BACTERIOLOGY 


Bacteriological studies in this and other countries (1) (4) (5) (7) (8) 
(9) (10) (11) (13) (14) (36) (37) (38) (47) (55) offer confirmatory 
evidence that these varied pulmonary conditions have a common etiology. 
The same groups of anaerobic microdrganisms were recovered from the 
sputum or the diseased pulmonary tissues in one or more of the above- 
mentioned pulmonary conditions by American observers listed in table 1. 
The microérganisms which they demonstrated in the sputum are listed in 
table 2 and those found in the diseased pulmonary tissues are presented 
in table 3. 

These bacteriological findings are in agreement with more recent 
studies at the New York State Hospital at Ray Brook, including one case 
of pulmonary gangrene, 10 of pulmonary abscess, one case of unre- 
solved pneumonia, 3 of bloody bronchitis and 15 of chronic bronchiectasis. 


1 Read before the Pathological Section at the twenty-third annual meetiig of the National 
Tuberculosis Association, Indianapolis, Indiana, May 24, 1927. 

* New York State Hospital for Incipient Pulmonary Tuberculosis, Ray Brook, New York. 
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The anaerobic microérganisms present in the sputum and the diseased 
pulmonary tissues are spirochaetae, fusiform bacilli, cocci and vibrios. 


TABLE 1 
Cases in the United States 


AUTHORS 


Rosedale, Miss Johnson (19) 

Liberty, Mo Rothwell (48) 

Kansas City, Kan Hall (48) 

Cincinnati, O Peters (40) 

New York City Lamb and Paton (26) 
New York City Soper (53) 

Brooklyn, N. Y Greeley (16) 

Baltimore, Md Mason (30) 

Annapolis, Md Bleodorn and Houghton (2) 
New York City Kline (21) 

New York City Fishberg and Kline (15) 
Galveston, Texas Levy (27) 

Cleveland, O Kline and Blankenhorn (23) 
Chicago, Ill Pilot, Davis, Shapiro (43) 
Houston, Tex Greer (17) 

Chicago, Ill Rawson (45) 

Chicago, Ill Pilot and Davis (42) 
Halstead, Kan McNeil (31) 
Philadelphia, Pa Jackson (18) 

New York City Rohdenburg (46) 
Kansas City, Kan Orr (39) 

Henderson, Ky Marshall (29) 
Cleveland, O Kline and Berger (24) 

Kansas City, Kan Wahl (56) 

Chicago, Ill Pilot (41) 

Toledo, O Ramsey (44) 
Philadelphia, Pa Bauer (3) 

Philadelphia, Pa Cahan (6) 

Boston, Mass King (20) 

Ray Brook, N. Y Smith (50) 


Spirochaetae 


Morphologically, they may be conveniently classified as follows: 
Treponema microdentium, Treponema macrodentium, S pirochaeta vincentt, 
Spirochaeta bronchialis, Spirochaeta buccalis. Noguchi (32) (33) 
(34) (35) isolated from material about the teeth pure cultures of T. 
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microdentium, T. macrodentium, T. mucosus and S. buccalis, and 
established criteria for their identification. We are unaware of any 
successful attempts to isolate these microdrganisms from the pul- 
monary sputum or from the pulmonary tissue. In 1911 Arnheim (1) 
obtained from pulmonary tissue 7. microdentium in mixed cultures, 
along with fusiform bacilli and cocci. Several French investiga- 
tors succeeded in isolating cultures of spirochaetae, in which the 
associated microérganisms were reduced to one gram-negative bacillus, 
by repeatedly transferring the original mixed growth through a 
medium composed of one part of horse serum and three parts of saline 
solution. We have repeated their work and obtained similar results 
but, like the French workers, we have failed to isolate the spirochaetae in 
pure culture. I finally succeeded in isolating two strains (T. microden- 
tium and T. macrodentium, see plate 2, figures 2 and 3) from the sputum 
of a patient suffering with pulmonary abscess complicated by bronchiec- 
tasis, and one strain (T. microdentium) from the sputum of a patient 
with bloody bronchitis. The gas-forming microérganisms, which are 
generally present in the original material, interfered with the isolation 
of the spirochaetae by splitting up the media. This difficulty was over- 


come by first passing the washed sputum through a series of guinea pigs, 
so as to eliminate the gas-formers before making stab-cultures in meat- 
infusion-pleural-fluid agar, after the method of Noguchi for the isolation 
of T. pallida. 


Fusiform Bacili 


Using Krumweide’s method, we have isolated two different types of 
fusiform bacilli from the sputum of a case of pulmonary abscess. Mor- 
phologically, both strains were typically fusiform, but one (plate 2, figure 
11) was very much larger than the other (plate 2, figure 10). In old 
cultures and in those grown under an increase in carbon-dioxide tension, 
the bacilli changed into a spiral form, which may present in the case of 
the larger germs as many as twenty half-turns (plate 2, figure 12). This 
is in complete accord with the observations made by Tunnicliff (54) in 
1906. These curved forms are not motile, and probably represent curved 
fusiform bacilli rather than true spirochaetae. 


Vibrios 


Vibrios have been seen in all the cases studied at Ray Brook, although 
their presence has not been noted by most authors (table 2). Four 


i 

34 

ig 


FUSO-SPIROCHAETAL DISEASE OF LUNGS 587 


strains of them have been isolated by repeated plating on blood-agar: 
one from material obtained directly from the lung at operation, another 
from the sputum of a case of bloody bronchitis, and two from cases of 


chronic bronchiectasis. 
Cocct 


The cocci which were always present in these cases form an extremely 
complicated group. Some are aerobic and some anaerobic, at least in 
the first few generations. There is evidence for the belief that those 


TABLE 2 
Bacteriological findings in 118 cases 


MICROORGAMISMS IN SPUTUM 


TYPE OF INFECTION = , 
Spiro- | Fusi- 


Cocci |Vibrios 


Pulmonary gangrene 

Abscess following operation on upper-respiratory tract.... 

Abscess following other operations 

Abscess, primary 

Abscess associated with aspirated foreign body 

Abscess complicating pulmonary neoplasm 

Abscess following pneumonia 

Bronchitis, acute 

Bronchitis, bloody 

Bronchitis, putrid 

Any of the above infections complicating pulmonary 
tuberculosis 


118 


really concerned in the disease are anaerobic, because in 7 cases reported 
by Lambert and Miller (25), as well as in three of my own in which the 
material was obtained directly from the pulmonary tissue, the aerobic 
cultures were sterile. On cultivation the cocci generally prove to be 
streptococci of the (1) haemolytic, (2) nonhaemolytic or (3) viridans 
type, although occasionally pneumococci or staphylococci are also 
present. 


Other Microérganisms 


Two nonpathogenic strains of streptothrix or nocardia have been 
isolated directly from the lung. Pfeiffer bacilli, Friedlander bacilli, 
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Micrococci catarrhalis, or Micrococci flavus and even colon bacilli are 
occasionally encountered. The spirochaeta (Treponema microdentium) 
was the only one of the microdrganisms which produced a foul odor when 
grown alone in pure culture. If fusiform bacilli and vibrios were added to 
the culture, the odor became much more offensive. When pure cultures 
of T. microdentium were inoculated into odorless tuberculous sputum and 


TABLE 3 
Microorganisms present in the pulmonary tissue* of 43 of the above 118 cases 


MICROORGANISMS IN PUL- 
MONARY TISSUE 


NUMBER 
TYPE OF INFECTION OF CASES 


Spiro- | Fusi- 


chaetae| forms Cocci | Vibrios 


Pulmonary gangrene 

Abscess following operation on upper-respiratory tract... . 

Abscess following other operations 

Abscess, primary 

Abscess associated with aspirated foreign body 

Abscess complicating pulmonary neoplasm 

Abscess following pneumonia 

Bronchitis, acute 

Bronchitis, bloody 

Bronchitis, putrid 

Bronchiectasis, chronic 

Any of the above infections complicating pulmonary 
tuberculosis 4 4 a 


| 
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43 39 | 42 | 32 


*In this table are included all the cases in which the microdrganisms were obtained 
directly from the lungs without possibility of contamination from the teeth as (1) 
at necropsy, (2) at operation, (3) in empyema fluid, or (4) in material recovered through 
the bronchoscope. 


incubated under anaerobic conditions, the foul odor characteristic of 
gangrenous sputum developed. 

Pure cultures of the above-mentioned microérganisms, when inoculated 
into animals, did not cause abscess similar to that occurring in man. 
Attempts are being made to produce experimental abscesses, comparable 
to those occurring in man, by intratracheal injections of various mixtures 
made from pure cultures isolated from the sputum and pulmonary 
lesions. 
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PATHOLOGY 


The best work on the pathology of the disease has been done by Buday 
(4) in Hungary, Arnheim (1) in Germany, Kline (21) (23) (24) in Cleve- 
land, and Pilot and Davis (42) in Chicago. From the standpoint of 
pathology the disease presents great contrasts. At one extreme appears 
a rapidly advancing gangrenous process, which destroys an entire lung 
and causes death in a few weeks, while at the other is a slowly advancing 
bronchiectatic lesion of twenty or even thirty years’ duration. 


Pulmonary Gangrene 


In the cases of pulmonary gangrene the tissues seem unable to set up 
an adequate defense against the gangrenous process, which spreads 
rapidly in every direction, destroying tissue as it goes. Whether this is 
a result of a peculiar assortment of invading microérganisms (plate 2, 
figure 6), or of a lack of resistance on the part of the patient, or of a 
combination of both, has not yet been determined. 


Pulmonary Abscess 


In abscess the body succeeds in localizing the disease by laying down 


a wall of collateral inflammation, which is gradually replaced by fibrous 
tissue. The central portion of the diseased area becomes necrotic, and 
is generally evacuated by rupture into a bronchus or into the pleura. 
Spontaneous healing may follow drainage through a bronchus, although 
in many cases the evacuation is incomplete, and the patient is left with a 
chronic abscess often complicated by bronchiectasis which persists as a 
low-grade infection for years. Sections through the abscess, when 
stained by Levaditi’s method, show masses of bacteria of various types 
in the central necrotic area; and peripheral to this a zone where the 
spirochaetae are mixed with vibrios and cocci. The outermost zone is 
frequently composed of pure spirochaetae, which seem to be invading 
the normal tissues (plate 2, figure 8.) This peculiar arrangement of the 
microérganism in zones has been noted by Buday (4), Kline (23) and 
Pilot and Davis (42) in human abscess, and has been reproduced in the 
groin of guinea pigs by Seguin and Kritchewski (49) and in the lungs of 
guinea pigs and rabbits by myself (plate 2, figures 14 and 17). Pul- 
monary abscess following (1) tonsillectomy, (2) extrarespiratory-tract 
operations, (3) pneumonia, (4) aspiration of a foreign body, or complicat- 
ing (5) bronchiectasis, (6) neoplasm or (7) tuberculosis, as well as those 
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arising (8) spontaneously, all show essentially the same pathological 
changes. 

It is well known that most cases of postoperative abscess are at first 
diagnosed postoperative pneumonia, and that later the diagnosis is 
corrected after the patient begins to cough up foul-smelling pus. It is 
also true that many cases of spontaneous pulmonary abscess are at first 
diagnosed as pneumonia. These observations naturally led clinicians 
everywhere to the conclusion that the pneumonia was the primary 
disease, the abscess secondary, and the microdrganisms present in the 
abscess secondary invaders. We believe that this opinion is erroneous, 
and that the germs present in the abscess are usually the primary invaders 
which first produce a pneumonic reaction and then an abscess. In ex- 
perimental pulmonary abscess in guinea pigs and rabbits I have been able 
to demonstrate, by making a series of roentgenographs, that the initial 
stage of the abscess is always a pneumonia or a pneumonitis. Ani- 
mals, which died or were killed during this stage, presented at necropsy 
a typical pneumonia on gross and microscopic examination, although 
bacteriological studies revealed that spirochaetae, fusiform bacilli, vibrios 
and cocci were present in the tissue. Pulmonary tissue from a fatal 
case of postoperative pneumonia, obtained for me by Dr. H. A. Bray 
from Bellevue Hospital, New York, when stained by the Levaditi method, 
showed cocci, fusiform bacilli and spirochaetae in small numbers (plate 
2, figure 7). It is significant that the cells in the immediate vicinity of 
the spirochaetae were beginning to show evidence of nuclear degeneration. 
The resulting necrosis and abscess-formation seem to be caused by the 
specific activity of this group of anaerobic microérganisms. 


Unresolved Pneumonia 


In certain cases, diagnosed clinically as unresolved pneumonia, spiro- 
chaetae and fusiform bacilli have been demonstrated in the lesions in 
large numbers by Kline and Berger (24) and Pilot and Davis (42). The 
essential characteristic of this type of disease seems to be an infiltration 
of the interstitial tissue with cells and exudate, but without actual 
necrosis. 

Bronchiectasis 


The infection in bloody bronchitis and bronchiectasis is limited in 
general to the bronchial wall. With the bronchoscope Chevalier Jack- 
son (18) has seen ulcerations of the bronchial wall, and recovered spi- 
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rochaetae and fusiform bacilli directly from the lesions. From an 
examination of the early lesions of bronchiectasis at necropsy it would 
seem that the spirochaetae, fusiform bacilli and cocci first invade the 
bronchial mucosa (plate 2, figure 9). The mucosa is destroyed, and the 
microérganisms, ever striving to get away from the free oxygen on the 
surface, advance further and further into the bronchial wall. The 
elastic-tissue framework of the bronchus is destroyed, and portions of it 
may be found in the sputum in the form of small compact bundles of 
elastic fibres. The blood-vessels in the bronchial wall are eroded, caus- 
ing blood-tinged sputum or actual haemoptysis. With the destruction 
of elastic tissue there is a gradual dilatation of the bronchus that is 
somewhat similar to the dilatation of a blood-vessel following the de- 
struction of its elastic tissue by T. pallida. After the elastic and muscular 
layers of the bronchus have been destroyed the disease may extend into 
the surrounding lung, causing an extensive loss of pulmonary tissue and 
producing what is commonly called a bronchiectatic abscess. Whether 
the resulting dilatation will be sacculated, fusiform or cylindrical prob- 
ably depends upon the numbers and position of the primary points of 
invasion in the bronchial wall. When the disease process is checked, 
Nature attempts to heal the lesion by fibrosis. Dense scar-tissue forms 
all along the bronchus, and this leads at times to partial or complete 
stenosis, so that areas of constriction may alternate with areas of dilata- 
tion. In acute lesions the surface of the bronchial ulceration is ragged 
and congested, but later, when the inflammatory process has subsided, 
the normal mucosa at the edges of the lesion may grow down and cover 
over the surface of the dilated area (plate 2, figures 15 and 16). 


EXPERIMENTAL REPRODUCTION 


For one reason or another, many attempts to reproduce this disease in 
animals have failed. However, Chalmers and O’Farrell (12) induced 
bloody bronchitis in a monkey; Pilot and Davis (42), gangrenous lesions 
in the previously traumatized subcutaneous tissue of the rabbit; and 
Kline (22), pleuropulmonary gangrene in a rabbit. Seguin and Kritchew- 
ski (49) reported in 1920 that they had isolated three different mor- 
phological forms of spirochaetae and several different strains of fusiform 
bacilli from infected gums. Neither the spirochaetae nor the fusiforms 
would produce disease when injected alone. However, any one of the 
spirochaetae, when mixed with any one of the fusiform bacilli, caused 
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an abscess when injected into the groin of the guinea pig. No attempt 
was made to produce disease of the lungs. 

I have succeeded in producing pulmonary abscess in mice and guinea 
pigs by the intratracheal injection of washed sputum containing spi- 
rochaetae, fusiform bacilli, vibrios and cocci, recovered from patients 
with pulmonary abscess and chronic bronchiectasis. 

During the past year the various manifestations of fusospirochaetal 
disease have been reproduced in mice, guinea pigs and rabbits by the 
intratracheal injection of material scraped from the alveolar border of 
the teeth in cases of moderately severe pyorrhoea (plate 1, figures 2 and 4). 

A report on the reproduction of acute suppurating and gangrenous 
lesions of the lungs has already been published (52). These results have 
been confirmed and extended by subsequent experiments, until now 
nearly all types of acute and chronic fusospirochaetal disease have been 
produced in the lungs of either mice, guinea pigs or rabbits. Some of 
the animals died of pulmonary abscess (plate 2, figure 17) and others of 
pulmonary gangrene (plate 2, figure 14), while in still others the abscess 
ruptured into the pleural cavity (plate 1, figure 4), and death was prob- 
ably due to a complicating empyema. The macroscopic and microscopic 


appearances of the acute pleuropulmonary lesion were apparently identi- 
cal with those occurring in man (plate 2, figures 14 and 17). This simi- 
larity in the human and experimental disease is also shown by the gradual 
transition of an acute into a chronic abscess, with the development of 
extensive fibrosis. Some of the animals which were killed five months 
after the intratracheal inoculation presented old chronic abscesses 
(plate 1, figure 3), while others showed practically complete healing by 


Plate 1 


Fig. 1. Roentgenograph of an isolated human lung after the injection of lipiodol. a: 
Cavity of twenty years’ duration. 6: Secondary bronchiectasis. (See plate 2, figures 
15 and 16.) 

Fig. 2. Photograph of rabbit’s lungs, showing a cavity which developed fifteen days after 
the intratracheal injection of bloody material obtained from the gums of a patient suffering 
with pyorrhoea. Spirochaetae, fusiform bacilli, vibrios and cocci were present in great 
numbers in the abscess. 

Fig. 3. Roentgenograph of a guinea pig’s lungs, showing abscess of five months’ dura- 
tion with cavity formation. The disease developed after an intratracheal injection of 
pyorrhoea material. 

Fig. 4. Roentgenograph of a rabbit’s lungs, showing a cavity which developed fourteen 
days after the intratrachael injection of pyorrhoea material. The cavity was filled with 
lipiodol by introducing a needle into the abscess through the pleura. 
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Plate 2 


Figures 1, 2, 3, 4, 5, 10, 11, 12 and 13 were drawn from slides stained by the Fontana- 
Tribondeau method. Figures 6, 7, 8, 9, 14, 15, 16 and 17 were drawn from sections stained 
by Levaditi’s method. All drawings were made with the camera lucida. 

Fig. 1. Sputum from a case of pulmonary abscess following tonsillectomy. 

Fig. 2. Pure cultures of Treponema microdentium isolated from the washed sputum of 
an old case of abscess complicated by bronchiectasis. (See plate 1, figure 1.) 

Fig. 3. Pure culture of Treponema macrodentium isolated from the:sputum of the same 
case. 

Fig. 4. Microérganism found in material about the teeth of a boy of six ‘years, who died 
of pulmonary abscess following tonsillectomy. (See figures 8 and 9.) 

Fig. 5. Mixed culture of Spirochaetae vincenti and fusiform’ bacilli, grown from material 
obtained at necropsy from the lungs of a patient with abscess and bronchiectasis. 

Fig. 6. Section of lung from a patient who died of pulmonary gangrene. 

Fig. 7. Section of a lung of a negro who died with postoperative pneumonia four days 
after operation. 

Fig. 8. Section through the wall of an abscess found in the lung of a six-year-old boy who 
died two months after tonsillectomy. Note the spirochaetae invading the normal tissue. 
(See figure 4.) 

Fig. 9. Section of a bronchus a short distance from the cavity shown in figure 8. Note 
the spirochaetae, fusiform bacilli, vibrios and cocci invading the relatively normal bronchial 
mucosa. 

Fig. 10. Pure culture of the small form of the fusiform bacillus. Some of the curved 
forms simulate spirochaetae. 

Fig. 11. Pure culture of the large form of the fusiform bacillus. 

Fig. 12. The same culture as shown in figure 11 which has developed multiple curved forms 
under conditions of cultivation in an atmosphere of decreased oxygen and increased car- 
bon-dioxide tension. 

Fig. 13. Pure culture of a vibrio isolated from the bloody sputum of a case of bloody 
bronchitis of five years’ duration. 

Fig. 14. Section through lung of a rabbit which died of pulmonary gangrene eight days 
after the intratrachael injection of bloody material obtained from the gums of a patient 
suffering with pyorrhoea. A mixed culture of spirochaetae was grown from the lung. 

Fig. 15. Section through a portion of the wall of an old abscess of twenty years’ duration. 
(See plate 1, figure 1.) The surface of the abscess has been lined by epithelium. 

Fig. 16. Portions of the wall of a dilated bronchus from the same case. This has also 
been lined with epithelium although the tissue beneath still shows marked infiltration with 
round cells. 

Fig. 17. Section through an abscess in the lung of a guinea pig which died two months 
after intratracheal injection of pyorrhoea material. A pure culture of Treponema micro- 
dentium was isolated from this lung. Note how closely the lesion resembles that from 
the human lung seen in figure 8. 
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scar-tissue. A few of the chronic lesions were found sterile on culture, 
but all the acute ones yielded exactly the same group of anaerobic micro- 
organisms as is found in similar lesions in man. 


CONCLUSIONS 


1. Clinical, bacteriological, pathological and experimental studies indi- 
cate that pulmonary gangrene, most cases of pulmonary abscess, certain 
types of unresolved pneumonia and bloody bronchitis, putrid bronchitis 
and primary bronchiectasis are not separate disease-entities but only 
different manifestations of infection with a specific group of anaerobic 
microérganisms. 

2. Spirochaetae (7. microdentium, T. macrodentium, S. vincenti, S. 
bronchialis), fusiform bacilli, vibrios and cocci have been found constantly 
present (1) in the gums of patients suffering with these infections, (2) 
in the washed pulmonary sputum and (3) in pulmonary tissue at 
necropsy. 

3. When material, scraped from the alveolar border of the teeth in 
cases of moderately severe pyorrhoea, was introduced into the trachea 
of anaesthetized mice, guinea pigs and rabbits, a variety of pulmonary 
infections resulted, which resembled very closely the acute and chronic 
manifestations of fusospirochaetal disease in man. 

4, Treponema microdentium, Treponema macrodentium, and two types 
of fusiform bacilli have been isolated in pure culture from the washed 
pulmonary sputum. 
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PULMONARY SPOROTRICHOSIS!:? 
WILEY D. FORBUS 


I 


When de Beurmann and Gougerot (1) published their book, Les 
sporotrichoses, in 1912, at the end of their exhaustive study of infections 
by the fungus, Sporotrichum, they were of the opinion that the whole 
story of the disease had not been told, and suggested that only time was 
necessary for the appearance of unusual forms of the disease, particu- 
larly in so far as involvement of the viscera is concerned. We should be 
pleased to be able to compliment these workers by reporting at this time 
that their suggestion has proved to be a prophecy. But fortunately we 
have found in a recent survey of the literature that visceral sporo- 
trichosis is indeed an exceedingly rare disease, and that it interests us 
more because of its rarity than as a result of any special importance. 

Because of the paucity of pulmonary cases recorded in the literature 
a summary of all of them may be recorded here briefly and analyzed. 
It is needless to go into the literature previous to 1912, since the contri- 
butions on the subject of sporotrichosis in all its different forms are most 
carefully, accurately and completely analyzed by de Beurmann and 
Gougerot in their book. Only six observations are there recorded in 
which there was evidence of pulmonary infection by sporotrichum, and 
in some of these the evidence is so questionable as to leave the authors 
themselves in considerable doubt as to the validity of the observation. 
By 1915 there were 400 published cases (Meyer (2)) of sporotrichosis 
of all types, the majority of which appeared before 1912. It is at once 
evident then that pulmonary involvement in infections by this fungus 
isextremely rare. This may be said also of involvement of other viscera, 
for of the internal organs the spleen and kidneys are the only ones except 
the lungs, involvement of which we have seen described in the literature.* 


1 From the Department of Pathology, Johns Hopkins University, Baltimore, Maryland. 
2 Presented before the Pathological Section at the twenty-third annual meeting of the 
National Tuberculosis Association, Indianapolis, Indiana, May 24, 1927. 
3 See de Beurmann and Gougerot, Les sporotrichoses, for the special localization of lesions 
in sporotrichosis. 
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Infections of the bones and joints have been frequently described. 
Muscles may also be affected. There are many observations on cases 
of ocular sporotrichosis. The proximity of all these tissues to the skin 
and subcutaneous tissue, the site of election of the lesions of sporo- 
trichum infection, is doubtless accountable for the frequent involvement 
in these locations. 

As a result of the exhaustive studies of sporotrichum infections by 
innumerable workers, particularly the French, we possess much funda- 
mental information of the nature of this disease, and, knowing it as we 
do, we can be nothing less than astonished by the rarity of visceral 
complications. We shall have occasion to refer to this again when 
considering the various aspects of the observations discussed below. 


II 


The following six observations‘ were made previous to de Beurmann 
and Gougerot’s publication and are included in their discussion of 
visceral sporotrichosis: 


Case 1: (Monier-Vinard (4) 1907). The case was clinically a proved example 
of cutaneous sporotrichosis. There were also signs and symptoms of a pul- 
monary lesion which was active. The sputum from this patient was cultured, 
and from it a sporotrichum was isolated. In the sputum were also tubercle 
bacilli. 

Case 2: (Monier-Vinard (4) 1907). The patient concerned was afflicted with 
proved sporotrichosis of the cutaneous type. There were no signs or symptoms 
of pulmonary or other visceral lesions. Cultures of the sputum however 
showed sporotrichum. 


These two cases of Monier-Vinard were published in the same paper. 
Since the proof of the pulmonary infection in both observations rests 
upon the same finding in the two cases they may be discussed together. 
The only evidence for the sporotrichotic nature of the pulmonary lesion 
in these two observations is the presence of sporotrichum in the sputum 
associated with nonspecific pulmonary symptoms and signs. The pres- 
ence of these microdrganisms in the sputum in a purely saprophytic state 
has been known since their discovery. In fact, before it was known that 
this fungus produces pathological states in man, Gubler (5) (1844) ob- 


‘ The original papers are to be found in the References. For the sake of brevity we have 
simply abstracted de Beurmann and Gougerot’s quotations, since nothing of importance is 
omitted there. 
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served them in the mouths of people sick from many different causes. 
The presence of pathogenic species in the sputum has also been demon- 
strated in individuals with specific bronchial and nasopharyngeal lesions, 
in whom there was no evidence of infection in the lungs. The case of 
de Beurmann and Gougerot, which was autopsied by Letulle (6), 
affords an excellent example of such a situation. We therefore need 
no further argument for the exclusion of these two observations of 
Monier-Vinard. The evidence for pulmonary infection is quite as 
unconvincing to us as it was to de Beurmann and Gougerot, who criti- 
cized the observations soon after their appearance. This is particularly 
true of case 1, in which there was obvious pulmonary tuberculosis. 


Case 3: (de Massary, Doury, Monier-Vinard (7) 1907). The patient under 
consideration was afflicted with an intramuscular gummatous lesion, which 
was proved to be due to sporotrichum by cultures of the microérganisms from 
the wound. A second gummatous lesion appeared in the astragalus, pro- 
ducing considerable destruction of bone. The exact nature of this osteitis was 
not ascertained by cultures. Associated with these peripheral lesions was a 
pulmonary abnormality, quite indefinite, but sufficiently pronounced to 
warrant serious attempts at ascertaining its nature. Sputum examinations were 
persistently negative for tubercle bacilli. An ocular tuberculin test was also 
negative. Furthermore, the sputum examinations did not show the presence 
of sporotrichum. Under specific treatment with potassium iodide the pul- 
monary condition did not change. 


The evidence for pulmonary infection by sporotrichum in this case 
is again impressively unsatisfactory. Had the specific iodide treatment 
produced either an exacerbation of the pulmonary signs and symptoms or 
a disappearance of these, there may have been, at least, clinical evidence 
for or against a tuberculous infection and, by exclusion, for or against 
infection by sporotrichum. But this did not occur. We therefore 
have no argument for sporotrichum infection of the lung in this observa- 
tion except the occurrence of nonspecific pulmonary signs and symptoms 
in an individual suffering from proved peripheral sporotrichosis. Such 
argument is, of course, most useless, and leaves nothing for us to do 
but disregard the citation. 


Case 4: (Marie and Gougerot (3) 1909). In this case the patient suffered 
from an extensive cutaneous and subcutaneous sporotrichum infection which 
also involved the tibia. There was pronounced lymphangitis in the leg, and 
also infection of the inguinal lymph nodes. The disease ended fatally. At 
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autopsy the situation was as follows: With the exception of the lesions already 
noted in the leg, none were found except in the lungs, which were described as 
follows: 


The pleura of each lung was much thickened and adherent, being bound to the chest-wall 
by fibrous adhesions at the apices. When sections through the lungs were made, at both 
apices the lung tissue was found diffusely scarred. Thick bands of fibrous tissue separated 
the diffusely indurated lung tissue into irregularly shaped lobules, which were without normal 
anatomical boundaries. Embedded in one of the apica! lobes was a small, dense, fibrous, 
pigmented nodule, 6 mm. in diameter and similar in every way to an old fibrous tuberculous 
focus. Microscopically there was little to be seen more specific than that already observed 
in the gross. Diffuse scarring with pigmentation, areas of hyaline scar-tissue of varying 
size, dilatation of smaller bronchi and alveoli in the indurated areas, were the most conspic- 
uous lesions. Perivascular infiltration by mononuclear cells, partial obliteration of small 
vessels in the scarred areas, and desquamation of alveolar epithelium completed the picture. 
Associated with this obviously chronic lesion was a fresh lobular pneumonia. Careful 
bacteriological studies were made from material taken from the lung. Sections showed no 
tubercle bacilli, nor microérganisms of nonbacterial nature; nor did cultures made from the 
lung disclose any microérganisms, though they were made on media suitable for the develop- 
ment of sporotrichum. Within the cytoplasm of large phagocytic cells there were noticed 
some indefinite round bodies, which suggested the ovoid form of sporotrichum, but this ob- 
servation was not sufficiently discriminative to justify assigning to it any diagnostic value. 


If one views this record with the least bit of scepticism, the value of 


the case as an illustration of pulmonary sporotrichosis is reduced to 
nothing. de Beurmann and Gougerot themselves could say no more for 
it than that it was suggestive though by no means absolutely convincing. 
To be somewhat more specific, we may add that there is nothing de- 
scribed in the case that may not have been explained by an old partly 
healed tuberculous infection. To anyone who sees large numbers of 
autopsies, such a pathological picture is quite familiar and suggests 
nothing else than tuberculosis. We know that in other organs sporo- 
trichum may produce lesions almost indistinguishable from tuberculosis 
anatomically. As we shall see later, the pulmonary lesions may also be 
difficult to differentiate, and therefore the failure to cultivate specific 
microérganisms from the case under discussion makes the event of no 
importance whatever, though there was a concurrent. specifically proved 
sporotrichum infection involving the leg. 


Case 5: (Sequin d’Hanoi (8) 1910). A patient harboring a chronic malarial 
infection entered the hospital on July 20. The infection was extremely re- 
sistant to quinine. In addition to the usual malarial symptoms, there were 
signs of some low-grade infection in the lungs, confined to the bases of the 
lower lobes. The pulse was rapid, and sputum abundant and with a disagree- 
able odor. While undergoing a radical treatment for the malaria, the patient 
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developed a generalized skin eruption, which manifested itself as furuncles 
disseminated widely throughout the skin and subcutaneous tissues, and the 
furuncles associated with nonerupted subcutaneous nodules. Bacteriological 
examination of the sputum at this time revealed the presence of spores, which, 
however, were not identified as belonging to any one specific fungus. This 
observation was confirmed by repeated examinations. Cultures from the co- 
existing skin lesions showed a fungus which was not definitely identified. Upon 
the assumption that the case was one of sporotrichosis the patient was immedi- 
ately placed on treatment by potassium iodide. Almost immediately his con- 
dition began to improve, and within ten days all cutaneous lesions, as well as 
the signs and symptoms relative to the lungs, completely cleared up, although 
the malarial infection was still active, as could be demonstrated by the presence 
of parasites in the blood. On September 12, one month after the discovery 
of the fungus in the sputum and in the skin lesions, twenty-six days after the 
institution of iodide treatment, and slightly less than two months after the 
patient’s entrance into the hospital, a complete cure was evident, and the 
patient was discharged. 


_ The support of the diagnosis of pulmonary sporotrichosis in this case 
rests upon the following: (1) A definite chronic pulmonary lesion existed 
which could not be identified as specific by any of the ordinarily employed 
methods; (2) during the continued progress of the pulmonary condition 
there appeared a cutaneous and subcutaneous affection, which was shown 
to be due to a fungus; (3) simultaneously with the discovery of the 
fungus by culture from the skin lesion, fungi were found in the sputum; 
and (4) the pulmonary and skin lesions were completely and rapidly 
healed by potassium iodide. 

When examined critically there appears to be little in this observation 
which is convincing. If there had been a pulmonary infection with the 
fungus described, then it would seem that the primary lesion was in the 
lungs, since the skin manifestations appeared at a time when the pul- 
monary lesion had already been in progress for some time. We have 
no information as to the existence of primary visceral sporotrichosis, 
but there are many observations in the literature to show that visceral 
lesions were secondary to infections of the skin and subcutaneous tissues. 
Sporotrichosis is primarily a cutaneous and subcutaneous infection. 
In view of these facts, considerable doubt is thrown upon the diagnosis 
of a fungus infection in the lungs of this patient, in spite of the fact that 
a confirmed finding of fungi in the sputum is recorded. Furthermore, 
the lack of significance of the presence of fungi in the sputum, as already 
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pointed out in the discussion of another case above, throws still more 
doubt upon this case as representing a pulmonary fungus infection. 

To pursue the criticism somewhat further, attention may be called 
to the fact that the microdrganisms, found in the sputum and the skin 
lesions in this case, were never satisfactorily identified as sporotrichum, 
and accordingly, if we were generous enough to grant that a pulmonary 
infection by the demonstrated microérganisms did exist, we have no 
proof that it was not due to some one of several other fungi that may 
produce pulmonary disease. The clinical description of the skin and 
subcutaneous lesion is characteristic enough of sporotrichosis, and we 
may therefore accept the diagnosis, especially in view of the fact that a 
fungus, though not definitely identified, was cultured from the lesions. 
But the same view cannot safely be taken as to the pulmonary condition. 

The rapid and complete cure of the pulmonary condition and the skin 
and subcutaneous lesions by potassium iodide must be regarded as of 
some importance, since it is well known that the iodides are specific for 
sporotrichum infections. But, unfortunately in this connection, these 
drugs are also most efficacious in other granulomatous diseases, and so a . 
disappearance of a lesion as a result of the administration of potassium 
iodide is at best only a suggestive fact and, of itself, by no means a proof 
of sporotrichum infection. In this condition as in many others, the 
therapeutic test, though of value from a diagnostic standpoint, is not 
sufficiently specific to justify a dogmatic diagnosis in the absence of 
more absolute proof, such as cultures of the suspected microérganisms 
from the lesions in question. Because of the universally recognized 
similarity of the lesions of syphilis, tuberculosis and many other fungus 
diseases to those produced by sporotrichum, even finding this micro- 
organism in the lesion is not always entirely convincing if the lesion is so 
situated as to be subject to secondary invasion by parasitic germs. 
If such an absolute method is not always satisfactory, then perhaps we 
may be forgiven for expressing some suspicion of the therapeutic test. 
Perhaps one may feel justified in ruling out tuberculosis on the basis 
of the therapeutic test, since the reaction of tuberculous patients to 
the iodide is frequently bad. But syphilis and other granulomatous 
conditions cannot be disposed of upon this basis. 

We have felt justified in dwelling upon this point because of the fact 
that so many of the observers rely upon the therapeutic test for their 
diagnosis. To emphasize the necessity for a little caution in this con- 
nection may not be amiss. 
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de Beurmann and Gougerot have considered this case as definitely 
one of pulmonary sporotrichosis, though they consider the etiological 
agent a sporotrichum other than Sporotrichum beurmanni. This and 
the case of Chantemesse and Rodriquez, cited below, are the only ob- 
servations up to 1912 which they considered as primary pulmonary 
sporotrichum infections. 


Case 6: (Chantemesse and Rodriquez (9) ). A forty-year-old woman entered 
the hospital, with a persistent cough associated with some thoracic pain lo- 
calized at the right apex, and some dyspnoea. Examination of the chest re- 
vealed evidence of a localized pulmonary lesion at the right apex. The 
sputum had no specific characteristics, being described as viscid, white and 
tenacious. There had been no real haemoptyses, but the sputum was fre- 
quently streaked with blood and, though consistently searched for, tubercle 
bacilli were never found in it. In cultures of the sputum there developed a 
sporotrichum, which was slightly unlike Sporotrichum beurmanni in some of its 
growth characteristics, but not essentially different from the latter. The blood 
of the patient contained agglutinins for the spores of sporotrichum. A diag- 
nosis of pulmonary sporotrichosis was made, and potassium-iodide treatment 
was instituted. Under this treatment the patient’s condition. became pro- 


gressively worse, to end fatally in an acute attack of dyspnoea. No autopsy 
was performed. 


This is the second of the two cases of pulmonary sporotrichosis which 
de Beurmann and Gougerot consider as definitely proved. All other 
cases reviewed by them were sufficiently doubtful to make their accept- 
ance unjustifiable. We may be somewhat more sceptical in our view of 
the case of Chantemesse and Rodriquez, but here we have a new element 
in the proof of the infection, one, however, which in itself is hardly suffi- 
cient to convince us. The point in question is the repeated presence of 
specific agglutinins in the patient’s blood. Careful examination of the 
agglutination reactions recorded show that they were strongly positive, 
in the active stage of the disease, only in dilutions as high as 1 to 30 and 
feebly positive in dilutions of 1 to 50. When we recall the work of 
Widal, Abrami, e¢ aJ. (10), dealing with the specific immune reactions in 
fungus infections, it is at once apparent that the agglutinin reactions 
found in this case mean little or nothing. If we believe in the absolute 
reliability of the therapeutic test, we might here use this favorite argu- 
ment, and, basing our opinion on it alone, dismiss this case completely, 
for we are told that the specific potassium-iodide treatment produced no 
effects whatever upon the course of the disease. But, having already 
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made our avowal of disbelief in the infallibility of this test, we prefer to 
dispose of this case simply by saying that in the absence of an autopsy 
the proof of pulmonary sporotrichosis is quite incomplete and by no 
means convincing. 


Since 1912 there have been recorded three observations in which the 
observers were of the opinion that they were dealing with pulmonary 
sporotrichosis. We shall add a brief summary of these reports to those 
already discussed above and add a criticism as in the above cases. 


Case 7: (Laurent (11) 1913). In this case the patient suffered primarily from 
widespread disseminated lesions, with associated involvement of bone, all due 
to sporotrichum, as proved by cultures from the lesions. Coéxistent with the 
peripheral lesions there were disorders in the lungs, which clinically manifested 
the same signs and symptoms as are usually associated with bilateral pulmon- 
ary tuberculosis. However, in spite of this appearance of tuberculosis, 
cultures, animal inoculations and smears from the sputum were consistently 
negative for tubercle bacilli. Though the physical signs were pronounced, 
there was comparatively little sputum. While the patient’s temperature was 
slightly elevated, his general health seemed unusually good in view of the 


pronounced pulmonary involvement. Cultures from the sputum showed no 
fungi. Potassium-iodide treatment was followed by complete recovery from 
both pulmonary and peripheral lesions. 


Laurent himself realized that he did not possess absolute proof of the 
nature of the pulmonary lesions, but, in comparing his own observations 
with those which had previously been published, he thought that there 
was every reason to believe that the pulmonary infection was due to 
sporotrichum. As we have already pointed out, and in his own opinion, 
the presence of sporotrichum in the sputum could not be regarded as 
of any significance. The absence of sporotrichum in cultures of the 
sputum in his case was not, so he thought, necessarily indicative of the 
absence of pulmonary infection by this microdrganism. ‘The cure by 
potassium iodide seemed to him the best possible evidence of sporo- 
trichum infection in any case in which tuberculosis had been satisfactorily 
and conclusively ruled out. It is needless to go into a discussion of 
various points of evidence in this case, since no new element enters into 
it. The question is again that of the reliability of the therapeutic test, 
and this we have already discussed at length. 
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Case 8: (Dominquez (12) 1914). This case occurred in a tobacco buyer. 
The patient suffered from a prolonged pulmonary infection, which was asso- 
ciated secondarily with a mastoid infection, extending through the skull and 
resulting in a subdural lesion. From the mastoid and the subdural lesions 
sporotrichum was cultured. By physicial examination the pulmonary lesion 
was easily demonstrable as a chronic fibrotic process, and this was confirmed by 
X-ray. The lesion in the lungs was also regarded as of a suppurative nature, 
in view of the extraordinarily large quantities of sputum from which sporo- 
trichum was cultured. The temperature was slightly elevated, and the 
general health very poor, as evidenced by malaise, weakness and loss of 
weight. The physical signs pointed to a tuberculous pulmonary infection or 
a chronic pneumonia. No tubercle bacilli were found in the sputum. After 
the development of the mastoiditis and the isolation of the sporotrichum from 
this focus, the case was regarded as one of sporotrichosis, and iodide treatment 
was begun. Prompt recovery followed. In the history of this case it is 
interesting to note that the sporotrichum was grown in cultures made from 
the tobacco which the patient had been accustomed to handle. 


Here again we deal with good clinical evidence of a sporotrichum 
infection, but the clinical proofs are those which we have already shown 
to be open to considerable objection. The X-ray ‘notes on the case are 


interesting, but they add little or nothing to the differential diagnosis. 
As in all the cases so far recorded, absolute proof of pulmonary sporo- 
trichosis infection is lacking. 


Case 9: (Warfield (13) 1922). The clinical picture of this case was that of a 
man suffering from disseminated subcutaneous gummatous lesions, which were 
due to infection by sporotrichum, as shown by cultures of this microdrganism 
from the lesions. It was known that the patient also had syphilis. The 
disease was fatal. At the autopsy, in addition to the superficial lesions, a 
single nodular mass, 1.5 cm. in diameter, was found at the apex of the right 
lung. Morphologically, the lesion was not unlike a tuberculous focus grossly 
and microscopically. No similar lesions were found in any of the other 
internal organs. Smears from the pulmonary nodule disclosed a sporotrichum, 
slightly different in its morphological characteristics from Spurotrichum 
schenkit but not unlike Sporotrichum beurmanni. Animal (white rat) inocu- 
lations resulted in widespread lesions in all the internal organs, especially the 
lungs. In this case the pulmonary lesion was suspected clinically, and its 
presence was confirmed by X-ray before autopsy. 


We have no desire to appear hypercritical; but it seems to us that in this 
case we have the only satisfactorily demonstrated example of a pulmonary 
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lesion due to sporotrichum. Nevertheless, there is one criticism to offer, 
and this is that we have no record of an attempt to find tubercle bacilli 
in the lesion. The only information we have relative to its possible 
tuberculous nature is that it is described as not being “typical” of tu- 
berculosis, though not unlike it. It does seem strange that there should 
have been only one such lesion. In view of the extensive cutaneous 
manifestations of the disease and its obvious severity, a widespread 
dissemination of lesions in the organs might naturally be expected as a 
result of invasion of the circulation. Certainly, it is most unlikely that 
the pulmonary lesion was the primary focus. A secondary infection of 
an originally tuberculous focus in the lung is not an impossible ex- 
planation of the presence of sporotrichum, but this appears extremely 
unlikely, in view of the absence of any pulmonary ulceration or some 
other respiratory abnormality which might have laid the air-passages 
open to invasion by saprophytic microérganisms. 


III 


The foregoing nine observations’ cover the subject of pulmonary 
sporotrichosis as recorded in the literature. Because of the rarity of 
sporotrichum infections in general and the special paucity of recorded 
visceral manifestations of this disease, surely there are none who have 
observed cases of pulmonary sporotrichosis without reporting them. 
It follows naturally that pulmonary infections by this fungus must be 
extremely rare. In view of this fact, it seems that some good may come 
of adding to the short list cited above a case which has been studied 
rather exhaustively by several members of our Staff and which will be 
published in more detail in the near future.® 


5 Since the writing of this paper another observation has come to our attention in which 
sporotrichum was isolated from an encapsulated mass in the lung and pleura. Cultures of 
material secured by thoracentesis yielded the microdrganism, and led the authors to the con- 
clusion that they were dealing with pulmonary sporotrichosis. (See Nicaud, Presse Médicale, 
1926, xxiv, no. 97, 1521.) 

* Before proceeding to a discussion of the case from which we have derived the greater 
part of our limited information about pulmonary sporotrichosis, a few explanatory remarks 
should be made. The record as given here is an abstract of the case-history and autopsy 
protocol of a patient, who was followed clinically by Dr. W. S. Thayer for more than a year. 
She was first seen by Dr. Charles L. Minor, Asheville, North Carolina, and later by Dr. 
William H. Pearce, Baltimore. She entered the Johns Hopkins Hospital on Dr. Thayer’s 
service about three years after the onset of her illness. After some time in the hospital she 
again returned to her home under the care of Dr. Pearce. When she died in 1917, about five 
years after the onset of her illness, the autopsy was performed at the patient’s home by Dr. 
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Case 10: (Clark, Thayer and Greenspon (unpublished). Johns 
Hopkins Hospital, no. 109,825, med. no. 35,909, autopsy no. 5280.) 
The following summary of the clinical history of the case is quoted from 
Clark, Thayer and Greenspon: 


CLINICAL SUMMARY 


“A woman, aged 34. For three years dyspnoea on exertion, cough, moderate 
mucoid expectoration occasionally streaked with blood. Fifteen months 
before entry, mediastinal shadows suggesting enlarged glands. No tubercle 
bacilli in sputa. No reaction to tuberculin. No fever. Gradual progression 
of the symptoms, which, three months before entry, Dr. Minor of Asheville 
regarded as dependent on a tracheobronchial adenopathy of nontuberculous, 
mycotic origin. Three months later obvious signs of tracheal or double 
bronchial obstruction—stridor with inspiration and expiration, wheezing, 
sibilant rales throughout; retraction of supraclavicular and episternal fossae 
on inspiration. Shadows extending outward from the hilum on each side 
indicating solidification at the roots of the lung. Positive Wassermann re- 
action. . . . . There was evidently a chronic process causing induration at 
the roots of both lungs with distant bronchial obstruction. In the absence 
of evidence of tuberculosis or other infection and the presence of a strongly 
positive Wassermann reaction, the condition was regarded as syphilitic—a 
gummatous involvement of the roots of both lungs with fibrosis. 

“On May 22 she was given arsphenamine, 0.2 gm., intravenously and four 
days later 0.25 gm. 

“On May 27 she was discharged with the advice that her physician continue 
the arsphenamine, raising the dose to 0.5 gm. 

“After the war the writer (W. S. T.), interested in the study of syphilis of the 
lung, sought to follow the further history of this patient. 

“It appeared that despite vigorous treatment with arsphenamine she had 
steadily failed—cough and symptoms of bronchial obstruction had con- 
tinued, and on Sept. 4, 1917, she had died.” 


Admont H. Clark, of the Department of Pathology, Johns Hopkins Hospital. Bacteriological 
studies were made by Dr. Greenspon. In view of the importance of this case, most extensive 
studies were carried out, the results of which form the basis of a report by Clark, Thayer and 
Greenspon. This report is as yet unpublished, but Dr. Thayer has generously put all the 
accumulated data at my disposal for the preparation of this review. Because of the com- 
pleteness of this report and the circumstances under which the paper is to be published, it 
would be only an abuse of professional courtesy to do more here than give the essential facts 
in the case, omitting the details which naturaly are within the scope of the unpublished re- 
port. In order to accomplish the purpose of this communication, however, it will be necessary 
to consider the pathological findings as revealed by the autopsy at some length. This is by 
no means meant to be a substitution for the record of Clark, Thayer and Greenspon, but is 
intended to serve simply as a supplement to their study. 
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PATHOLOGICAL FINDINGS 


The autopsy was performed at the patient’s home, eleven hours after death. 
Because of this some difficulties were met with, especially since the body was 
enbalmed before the autopsy. This procedure interfered considerably with 
the proper fixation of the tissues, but fortunately satisfactory preparations for 
microscopical study were obtained. The following is the original protocol 
with revisions and corrections of the text. In view of the rarity of such cases 
and the importance of this one, it being the second case in which an autopsy 
was performed, a complete description of all organs is given, though in some 
nothing abnormal was found. 


Gross Anatomy 


The Body is that of a somewhat emaciated, middle-aged, white woman, 174 cm. 
in length. Rigor mortis is moderate in the extremities. Rigor mortis is not 
conspicuous, even in the dependent portions of the tissues. In the epigastric 
region and likewise in the neighborhood of the right femoral vein there is a 
fresh incision, which was made for the purpose of embalming. There are 
palpable cranial exostoses. The hair of the scalp is abundant. The ears, 
nose and eyes are not abnormal. The teeth are in fairly good condition. The 
neck presents the usually normal appearance, there being no asymmetry due to 
enlargement of lymphoid or other glandular tissue. The axillary and inguinal 
lymph nodes are not increased in size. The external genitalia are normal. 
The extremities are normal in size and shape. The skin over the entire body 
is smooth, white, and of normal texture. No scars are to be found anywhere 
and no ulcerations. The subcutaneous tissues likewise appear free from any 
abnormal conditions. _ 


Body Cavities: The peritoneal cavity, when exposed, presents surfaces which 
are smooth and show the usual glistening character. In the recesses of the 
cavity there is some fluid, about 300 cc. in quantity. The character of this 
fluid suggests that it is not a pathological accumulation but is most probably 
embalming fluid. The abdominal viscera are normally disposed; the spleen 
is unusually large. 

The Pleural Cavities present unusual conditions. On the Left Side the 
cavity is partly obliterated by fibrous adhesions, which are most pronounced 
posteriorly and at the apex of the lung. Covering the free surface of the 
pleura, and also the surface of the fibrous bands, is a deposit of. fibrinous 
exudate. Several hundred cubic centimetres of yellow fluid, similar to that 
found in the peritoneal cavity, fill up the pleural space. This contains some 
fibrinous material, but one gets the impression that the fluid here, as in the 
peritoneal cavity, is the result of the embalming and does not represent a 
pathological process. The Right Pleural Cavity presents a picture quite similar 
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to that of the left. The posterior fibrous adhesions are, however, more 
numerous. Neither lung appears to fill the pleural cavity; the presence of the 
embalming fluid perhaps offers the explanation of this condition. 

In the Pericardial Cavity there are 100 cc. of yellow fluid, probably left in the 
course of the embalming. The surfaces of the pericardium are normal, the 
only pathological finding in connection with the pericardium being a few tiny 
subepicardial ecchymoses. Over the anterior surface of the pericardium is 
some fat, which extends into the root of the neck, but no thymus tissue is found 
associated with it. 


Heart: The weight of the heart is 320 gm. Its measurements are as follows: 


Tricuspid valve circumference 

Pulmonary valve circumference 

Aortic valve circumference 

Right ventricular wall thickness 

Left ventricular wall thickness 


The size of the heart is not out of proportion to the body-weight. Its general 
shape and external appearance are normal. The epicardium is normal. A 
normal amount of fat is present beneath the epicardium. It is found, on 
opening the cavities of the heart, that the endocardial surface is delicate and 


smooth. The right auricle is not noticeably dilated. Neither the walls of the 
auricle proper nor those of the auricular appendage show any thrombi. The 
tricuspid-valve leaflets are normal. In striking contrast to the normal condi- 
tion of the right auricle, the right ventricle is markedly dilated, so that now 
the columnae carneae stand out with great prominence on its walls. Associated 
with this dilatation there is conspicuous hypertrophy of the right ventricular 
muscle. This is so extreme that the thickness of this ventricle sometimes 
equals, if not exceeds, that of the left ventricle. There are no thrombi in the 
ventricle. The pulmonary valve is normal. The main pulmonary artery is 
normal. In the branch of the right primary divisions, which goes to the 
lower lobe of the lung, is a thrombus which obliterates the lumen of the vessel. 
The left auricle shows neither hypertrophy nor dilatation, and no thrombi are 
attached to its walls. The mitral valve is normal. The left ventricle is not 
dilated, and it shows no hypertrophy. There are no mural thrombi; the 
aortic-valve leaflets show no lesion except slight thickening at their bases, 
which interferes in no way with the normal function of the valve. At the root 
of the aorta, particularly about the coronary openings, there are sclerotic 
patches. Similar atheromatous thickenings of the aorta are found about the 
orifices of the intercostal arteries; but beside these changes nothing is found in 
the aorta. Especially is there nothing evident which would even suggest a 
syphilitic process. The normal elasticity of the aorta is preserved. There 
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is nothing seen to indicate any disease of the myocardium of either right or 
left ventricle. 


Lungs: The lungs present the most interesting and most important condition 
found in the course of the autopsy. The Right Lung has a somewhat com- 
pressed appearance. The whole lung seems to consist of a single mass, as a 
result of the dense adhesions which attach the three lobes securely to one 
another. The fibrous adhesions between the chest-wall and the surface of the 
lung already described appear most numerous and thickest at the level of the 
middle lobe posteriorly. On palpation one finds the upper anterior and lower 
third of the lung quite crepitant and obviously air-containing. The remaining 
third, corresponding in general to the middle lobe, seems completely consoli- 
dated, and has a tough indurated cartilaginous consistence. When a section 
is made through the lung, this consolidated area is found to be made up of a 
conical mass of pigmented tissue. The base of the cone forms a part of the 
posterior surface of the lung, while the body extends anteriorly, the apex 
appearing near the hilum. On closer inspection it becomes apparent that the 
indurated mass is not homogeneously consolidated but, on the contrary, 
has a honeycomb-like structure, resulting from the presence of many small 
cavities. These cavities are traversed by bands of fibrous tissue, which are 
not unlike those seen in tuberculous cavities as a result of thrombosis and 
organization of blood vessels. In the wall of the cavities, as well as in the 
consolidated tissue, translucent bands of fibrous tissue are so numerous as to 
give to the areas so affected the cartilaginous consistence already mentioned. 
In addition to the cavities, which appear in the consolidated areas, one sees 
also scattered gray nodules, with yellowish centres, each of which appears to 
be surrounded by semitranslucent connective tissue. In the uninvolved and 
grossly normal lung tissue somewhat similar indurated nodules appear. These, 
however, are rather deeply pigmented, and have such density as to give to the 
so affected lung a shotty consistence. The total obstruction of the branch of 
the pulmonary artery, mentioned above, is obviously the result of a thrombosis 
and not an embolus. The thrombus has a dull lustreless appearance and is 
quite securely attached to the vessel-wall, as shown by tears in the intima 
produced in an attempt at removing the clot. The bronchi in the unconsoli- 
dated portions of the lung are normal. Those in the indurated cone-shaped 
area show extensive scar-formation in their walls and marked dilatation. 

The Left Lung resembles the right in practically all respects. The two lobes 
are densely adherent to each other so that they appear as a single lobe. The 
same cone-shaped area of induration appears in the lung tissue, though here 
the upper part of the lower lobe and the lower part of the upper lobe are the 
areas affected. When a section is made through the lung, the structure of the 
cone-shaped indurated area revealed is identical with that of the corresponding 
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area on the right. The branches of the pulmonary arteries which lead to the 
affected tissue are thrombosed. 

The character of the cavities on both sides is noteworthy. Their walls 
appear quite clean. Small amounts of caseous or softened material are found 
in some of them, but the majority show only occasional flecks of necrotic 
material. 

The posterior mediastinal lymph nodes, located about the bronchi and at the 
bifurcation of the trachea, are enlarged somewhat but do not appear to be 
increased in number. The consistence of these nodes is quite firm. When 
they are sectioned, hyaline strands of connective tissue are seen coursing 
through deeply pigmented and indurated glandular tissue. Scattered here 
and there are isolated translucent nodules. 

The trachea is dissected out with care, but at no point is three narrowing 
of the lumen, which may account for the clinical evidences of obstruction. 
The enlargement of the peribronchial lymphoid tissue, and the extreme 
involvement of the lung tissue near the hilum, as already described, seem 
to offer, however, an explanation of the dyspnoea, since, as a result of this con- 
dition, there must have been some bronchial obstruction. 


Spleen: The spleen is considerably enlarged, weighing 440 gm. and measuring 
17 x 9 x 8 cm., but it has the normal shape. Its consistence is somewhat 
firmer than normal. At least part of this density is due to fixation produced 
by the embalming fluid. Through the glistening capsule numerous grayish 
nodules, not unlike enlarged malpighian corpuscles, appear diffusely scattered in 
the splenic pulp. In sectioning the organ no particular resistance is met with. 
The grayish nodules seen beneath the capsule are conspicuous in all the deeper 
tissues revealed by serial sections. Here again they have the general appear- 
ance of malpighian corpuscles. They are quite distinctly different from the 
purplish intervening splenic pulp. The supporting tissue of the spleen does 
not appear increased in amount. Nothing outside of the presence of the many. 
grayish nodules suggests an abnormality in the character of the splenic sub- 
stance. At the hilum of the spleen, without the splenic capsule, there are a 
few small lymph nodes of yellowish color, which appear normal when sectioned. 


Pancreas: The pancreas occupies its usual position, and has the usual relative 
size, shape, appearance and consistence. It weights 110 gm. and measures 20 
cm. in length. Both externally and after section the lobules stand out dis- 
tinctly from one another. There is no increase in the supporting connective 
tissue. Nothing abnormal is recognized in connection with the gland. 


Stomach: In shape, size, general outline and position the stomach is normal. 
The serous surface is smooth. The mucosa has undergone considerable auto- 
lysis. The muscularis is normal. 


Fic. 2. Autopsy no. 5,280. Gross appearance of lung. The scar-formation, cavity- 
formation and bronchial dilatation are prominent features. 

Fic. 3. Autopsy no. 5,280. Gross appearance of spleen. The many grayish foci repre- 
sent the tubercle-like lesions shown in detail in figures 4 and 5. 
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Liver: The liver weighs 1480 gm. and measures 20x 18x 8cm. The size is 

therefore not abnormal, and the shape not unusual. The surface of the 

capsule is smooth; the capsule itself is not thickened. As seen through the 

capsule, the liver tissue is mottled, the yellowish pale areas being due appar- 

ently to fat. The fatty nature of these areas becomes more evident after 

sections are made. The vessels and bile-ducts are normal. The gall-bladder 

has abnormally thick walls. When it is opened the mucosa appears delicate 

and velvety. In the neck of the gall-bladder is a small round stone, about 1 cm. 
in diameter. The hepatic ducts, cystic duct and common bile-duct are all 

patent, and allow free passage of bile when the gall-bladder is compressed. 


Kidneys: The Right Kidney weighs 140 gm., and measures 11 x 6 x 4 cm. 
The Left is similar in every way to the right. The capsule strips readily and 
leaves a smooth surface, on which the stellate veins stand out with usual 
distinctness. The kidney tissue cuts with ease, the section revealing an 
architecture which is in every way normal. The proportion of cortical to 
medullary tissue is normal. The pelves and ureters are normal. 

Adrenals: The two adrenals weigh 18 gm. together. ‘They are found in their 
normal position. When sectioned no abnormality in structure is discovered. 


Intestines: The gross appearance of the intestines is normal throughout their 
length. 


Pelvic Organs: The uterus, tubes, ovaries, vagina and bladder present no 
abnormality in structure, position, shape, size or otherwise. 


Neck Organs: Not removed. 


Brain and Spinal Cord: Not removed. 


Bacteriological Study 


Following the autopsy an exhaustive bacteriological study was made from 
material secured directly from the lung. The detailed report of this study 
will be found in Greenspon’s contributions in the unpublished paper of Clark, 
Thayer and Greenspon. The following facts, without the description of 
technique, etc., are sufficient to show that the case under discussion did harbor 
sporotrichum in the lung: 


1. Cultures were made from the lung, various forms of media being employed. 
2. A sporotrichum was isolated in pure culture from the lung. 

3. The microédrganism was found in smears from the pulmonary lesion in both 
the spore and filamentous form. 

4, Animal inoculations, made with the microdrganism recovered from the 
lungs, showed it to be nonpathogenic for white rats, rabbits and guinea pigs. 


PULMONARY SPOROTRICHOSIS 617 


5. The microérganism recovered from the lungs was definitely identified as a 
sporotrichum, with some minor cultural characteristics unlike the Sporotrichum 
beurmanmi, but in all the essentials, except the lack of pathogenicity for animals, 
identical with it. 

6. Smears from the lungs showed no tubercle bacilli. Guinea-pig inoculation 
with material from the lungs was not done. 


Microscopical Anatomy 


‘The heart, liver, kidneys, adrenals, pelvic organs, pancreas, stomach and 
intestines all show no microscopically abnormal tissue. 


Lung: The lesions found in the lungs are essentially of three different types, 
namely (1) tubercle-formation, (2) cavity-formation and (3) sclerosis. The 
cavity-formation appears to be unrelated to tubercle-formation and the hyalin- 
ization process, whereas the tubercle-formation and sclerosis appear to be two 
successive steps in the progress of the alteration of the lung tissue. We may 
then consider these two types of lesions together. 

The nodule which we designate as “tubercle” superficially resembles the 

true tubercle produced by the bacillus of tuberculosis. It is a perfectly 
limited nodular formation, arising, as far as we can see, primarily in the 
alveolar wall and intimately associated with the blood-vessels; it is most often, 
in its earliest form, found in the wall of arterioles. One wonders at times if 
the nodules have not arisen actually within the lumina of the vessels. They 
vary in size from that of a whole microscopic high-power field to that per- 
mitting three or four to be seen in the same high-power field. Others, of a 
conglomerate nature, are of course macroscopic. It is the inner structure of 
this “tubercle” which lacks the characteristics of specific tubercle, and makes. 
one suspicious of the lesion, even without knowing the bacteriological findings 
in the case. The little nodule possesses what seems to be a very definite re- 
ticular structure. The spaces between the fine reticular septa are filled with 
huge mononuclear cells, all of which are phagocytic. 
. These cells vary greatly in size and shape; usually they are more or less 
polygonal but they may present any form, from that of a perfect sphere to a 
bulging spindle with blunt ends. The nucleus is usually poor in chromatin, 
and therefore appears globular and comparatively clear. More often than 
not, then, the typical nodule is composed simply of a collection of these large 
cells in a reticulum. The less typical formations contain scattered lympho- 
cytes or plasma cells and not uncommonly eosinophilic leucocytes. Another 
relatively frequently encountered finding is the giant cell, which appears to 
be of the nature of a fusion of several of the large mononuclear phagocytes. 
These giant cells occupy no such constant position in the nodule as they usually 
do in true tubercle. 
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The central part of the nodule practically never shows any caseation. In 
place of this central necrosis one finds in some nodules an accumulation of red 
blood-cells and some fibrin, mixed with the large phagocytic cells. There is 
no radiate arrangement of the phagocytic cells, as is so typical in true tubercle, 
and never does one see the large central multinucleated giant cell, with cyto- 
plasmic prolongations extending from the centre of the tubercle toward the 
periphery through the epithelioid cells, as is so characteristic of the tubercle 
of tuberculosis. 

A still further difference between true tubercle and the nodule under dis- 
cussion is the presence of blood-vessels within the nodule, a thing which is 
almost unknown in tuberculosis. This vascularity is one of its most typical 
features. The vessels coursing through the nodule are sometimes of arteri- 
olar size and sometimes of capillary calibre. They are never thrombosed, 
and fresh, well-preserved blood-cells are constantly present in them. 

These tubercle-like formations are best seen in the lung tissue which lies 
without the most indurated areas, and where comparatively normal lung 
structure obtains. In the more indurated and complicated areas of the lung, 
the nodules are very atypical, consisting largely of merely an accumulation of 
large phagocytic cells. Instead of becoming necrotic, the tubercle-like 
nodule eventually becomes hyalinized, whereupon it appears as a dense, 
hyaline, rounded scar. 

It will be remembered that grossly the most impressive lesion in the lungs 
consisted of the extreme induration, as a result of scar-formation. Sections 
through this part of the lung tissue show extreme hyalinized scar-tissue, with 
accumulations of coal pigment scattered here and there. Small islands of 
epithelioid-like cells are occasionally met with, but they are rare. Large 
areas, centimetres in diameter, are completely devoid of blood-vessels and 
cells of any kind. The densest form of hyaline scar-tissue is all that remains. 
Some calcification is observed in these parts, though it is unusual. Likewise, 
some diffuse necrosis may be seen in the less dense portions, where some 
wandering cells are found. At the margin of the scarred area there is a sudden 
transition into comparatively normal lung tissue, which however contains 
scattered nodules of the type described above. Exactly at the margin of the 
scar-tissue there are epithelioid cells in large numbers, many of which show 
beginning hyalinization, so that it seems fairly definite that the dense scar- 
tissue is the result of regressive changes that occur in the epithelioid tissue, 
which, with the tubercle-like nodules, represents the fresher lesions produced 
by the invading microdrganisms. The hyalinization of the “tubercles” 
already mentioned no doubt aids in the formation of the large indurated scars. 

The many small, honeycomb-like cavities, which were so conspicuous in 
the gross examination of the lung, appear in the sections almost wholly within 
the scarred tissue. It is obvious, from the scattered remains of bronchial 
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cartilage, epithelium and muscle in the cavity walls, that these defects repre- 
sent the preéxisting bronchi, which have given way to the destructive changes 
resulting from the presence of microdrganisms. Small bits of cartilage are 
embedded in the densest form of scar-tissue. Sometimes isolated remains of 
mucous glands persist. The walls of the cavities are formed of scar-tissue, 
in which there are round cells of the plasma or lymphoid type. An epithelioid 
reaction is not conspicuous, and there is no highly vascular granulation tissue 
on the surface. Instead, a layer of necrotic-cell debris overlies a comparatively 
avascular zone of fibrous tissue, infiltrated with round cells. Sometimes small 
tubercle-like accumulations of large phagocytic cells appear in the walls, but 
these are not conspicuous. In some places the cavity wall is composed only of 
dense hyaline scar, with almost no cellular infiltration. Such walls are over- 
laid with a thin sheath of necrotic cellular debris. There are some calcareous 
deposits in the scarred cavity walls. From such a description it seems that 
there is sufficient justification for the opinion that these cavities are quite 
unlike the common tuberculous excavations of the lung. 


Bacterial Studies of Lung Sections: Within the cavities of the lung and lying 
on the surface of the walls of these cavities are masses of branching mycelial 
organisms, which are in active spore production. These appear in the usual 
haematoxylin and eosin preparations, as well as in sections stained especially 
for demonstration of the microdrganisms, as, for instance, gram-stain, carbol- 
fuchsin, orange-G, and Goodpasture-MacCallum bacterial stain, etc. But 
what is more to the point and of vastly more importance, these microérganisms 
are found in large numbers deeply embedded in the hyaline scar-tissue and 
quite removed from the tissue forming the actual wall of the cavity. So, then, 
there can be no doubt as to the invasion of the tissues by this microérganism, 
and hence the invader cannot be regarded merely as a saprophyte. Embedded 
in the hyaline scar-tissue, the microérganisms appear in both spore and mycelial 
form, the mycelial forms being however far more conspicuous. Many sections 
of tissue, chosen from various places in the lung, and representing all types 
of lesions, were stained for tubercle bacilli. Hours of study of these special 
preparations by three different observers resulted in failure to demonstrate a 
single acid-fast microérganism. This is, of course, in corroboration of the 
repeated failures of the clinical observers to demonstrate tubercle bacilli in 
the sputum. No attempt was made to demonstrate the presence of spiro- 
chaetae in the tissues. 


Bronchial Lymph Nodes: These lymph nodes contain tubercle-like formations 
in every way similar to those just described in the lungs. These are so num- 
erous in some nodes as to replace the greater part of the lymphoid tissue. In 
others they are scattered. Still other nodes show extensive hyalinization in 


620 WILEY D. FORBUS 


their central portions. The outer edges of such hyaline areas are formed of 
epithelioid-like tissue, in which are also numerous tubercle-like nodules. 
Superficially, here as in the lungs, the lesion is similar to tuberculosis. The 
finer details of the lesions, however, as in the lungs, suggest some other form of 
infection. 

No bacteria were found in the bronchial lymphoid tissue in sections pre- 
pared especially for bacterial study. 


Spleen: The peculiar mottled character of the splenic tissue, as observed in the 
gross, finds an adequate explanation microscopically. Every tiny gray dot 
turns out to be a tubercle-like nodule similar to those described in the lung. 
In the spleen, however, the details of the structure of the nodular lesion 
become more obvious. It is here that the reticular structure seems to be 
best developed; and likewise it is in the splenic tissue that one’s impression 
regarding the intravascular origin of some of the nodules finds unusual support. 
The proliferation of the large phagocytic cells, which eventually forms the 


Fic. 4. Autopsy no. 5,280. Microphotograph of tubercle-like lesion in the spleen. 

Fic. 5. Autopsy no. 5,280. High-power microphotographs of part of one of the tubercle- 
like lesions of the spleen. An arteriole occupies the centre of a large mass of mononuclear 
phagocytic cells. Smaller vessels frequently found within the lesions are not seen in the 
photographs. 

Fic. 6. Autopsy no. 5,280. Microphotograph of sporotrichum deeply embedded in dense 
scar-tissue. Section from the lung lesion. 


localized lesion, appears in places to arise within the splenic sinuses. In none 
of the lesions is necrosis well-marked, nor is there ever a radiate arrangement 
of the cells about a central caseous area. These lesions contain capillaries, 
in which there is well-preserved and apparently circulating blood. In the 
exact centre of some of the nodules is a well-preserved vessel of arteriolar size. 
This whole picture suggests that the lesion has arisen in a malpighian corpuscle. 
No malpighian corpuscles are seen in the sections. Their absence and the 
peculiar structure of the lesions suggest again that the site of election is the 
lymphoid nodule. Certainly such lesions as just described are far from 
having the characteristics of true tubercles. In the splenic tissue the lesions 
appear more unlike tuberculous lesions than those in the lungs. 

Bacterial Study of Spleen in Sections: Unfortunately the spleen was not 
cultured at the time the autopsy was performed, and, still more unfortunately, 
the bacterial study of the splenic sections affords no absolute evidence of the 
causative agent in the lesions. However, there are some interesting negative 
facts, which are of considerable importance. Many hours of search for 
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tubercle bacilli in many different preparations have proved fruitless, so that 
we feel that we can say with some safety, but without absolute proof, of course, 
that these mirodrganisms are not present in the lesions of the spleen, just as 
was the case in the pulmonary lesions. In the second place, we have found in 
the lesion peculiar ovoid or spherical bodies, not unlike the spores observed in 
the pulmonary lesions, and not unlike the spores seen in the cultures of the 
microérganism cultivated from the lungs. These peculiar bodies are per- 
fectly definite in outline, and vary in size from that of a red corpuscle to that 
of a leucocyte. Occasionally the diameter does not exceed half that of a red 
cell. All these bodies appear clear and refractile when unstained, or when the 
tissue is stained with haematoxylin and eosin. When subjected to treatment 
with carbol-fuchsin they stain deep red, and do not lose this stain when the 
sections are decolorized with acid-alcohol. The smaller bodies are found 
either within the large phagocytic cells forming the tubercle-like nodule or 
extracellularly, lying free in the spaces between the large cells. The larger 
bodies, as a rule, are extracellular. These bodies very definitely suggest the 
spore form of sporotrichum, but more than this cannot be said because of the 
impossibility of deciding upon their exact nature without more information 
than can be obtained from a morphological study alone. The third fact oi 
interest and importance is that many other special stains have shown no 
microdrganisms whatever of a bacterial nature in the splenic tissue. 


REMARKS ON CASE 


We are not unaware of the fact that this case, in being put forward 
as an illustration of pulmonary sporotrichosis, is open to some criticism. 
There are gaps in the chain of evidence which may justly give rise to 
doubts in the mind of anyone who wishes to be conservative in his 
opinion. It will therefore not be amiss to discuss briefly the essential 
facts of the case. 

There can be no doubt in this case as to the infection of the lung by 
the sporotrichum cultivated from it and also demonstrated in the tissues 
of the lung. There may be some question, however, as to the primary or 
secondary nature of this infection. If we assume that the sporotrichum 
infection was secondary, then we should be able to demonstrate the pri- 
mary condition, or at least the primary causative agent, for there are 
lesions still sufficiently active to make such a demonstration possible. 
The number of known primary pulmonary eonditions, which may show 
lesions in any way similar to those found in the case under discussion, is 
indeed limited. We may list them as follows: (1) other parasitic in- 
fections like aspergillus, blastomycosis, etc., (2) syphilis and (3) tuber- 
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culosis. Considering these conditions in their order, we may dispose 
of two of them with little difficulty. Parasitic infection other than that 
due to sporotrichum is most unlikely because of the sound bacteriological 
proof of the nature of the fungus found in the lungs, and, further, because 
of the extreme unlikelihood of there being two independent fungus 
infections in the same lung. The case of syphilis is perhaps not so 
easily disposed of. In the first place, the Wassermann reaction was 
unquestionably positive, and further argument for syphilis is the fact of 
the location of the lesions, and the general gross appearance of the affected 
pulmonary tissue. Against syphilis we have the following practically 
irrefutable arguments: 


1: The character of acquired syphilitic lesions of the lung is at best uncertain, 
and, further, perhaps pulmonary syphilis is on no firmer pathological founda- 
tion than pulmonary sporotrichosis. Whatever be the supposed character 
of pulmonary syphilis, it is certain that the microscopic lesions, as seen in the 
case under discussion, have never been described in syphilis. 

2: Though the Wassermann test was positive, no other lesions even sug- 
gestively syphilitic in nature were found in the course of pathological study. 
3: It is only reasonable to assume that the lesions in the spleen are of the same 
origin as those in the lung since they are identical in character. If this be a 
fair assumption, then syphilis is ruled out beyond any shadow of a doubt, 
for the splenic lesions are most certainly not syphilitic. 


There remains then only tuberculosis to be considered. This indeed 
furnishes a real problem because of the lack of certain bacteriological 
evidence. We may summarize the arguments pro and con as follows: 


Pro 


1: The clinical course of the disease is not absolutely unlike that of tuber- 
culosis, though definitely atypical, as fully recognized by all observers. 

2: The lesions in the lungs and in the spleen are not conclusively unlike those 
of atypical tuberculosis of an extremely chronic variety. ‘ 
3: Failure to find the tubercle bacilli in the specific lesions is not absolute 

proof that the lesion is not tuberculous, since the successful demonstration of 

tubercle bacilli in specifically tuberculous tissues can be notoriously difficult. 


As against tuberculosis we have the following facts 


1: No tubercle bacilli were ever demonstrated in the sputum of the patient 
throughout a period of observation extending over several years. 
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2: No tubercle bacilli could be demonstrated in the smears made from the 
pulmonary exudate at the time of autopsy. 

3: Repeated efforts to demonstrate tubercle bacilli in the lesions of the lungs 
and spleen have proved unsuccessful in the hands of three different observers. 
4: The character of the pulmonary lesion, to speak most generously, is only 
similar to and not identical with that of tuberculosis. 

5: The lesions in the spleen are distinctly unlike true tubercles in numerous 
specific ways. 

6: The presence of a fungus in the pulmonary lesion which is capable of pro- 
ducing lesions in other tissues very similar to tuberculosis, and which, when 
successfully inoculated into experimental animals, produces lesions in the 
lungs identical with those observed in the lungs and spleen in this case, is 
quite sufficient to account for the lesions described in the case. 

7: The sporotrichum in the lung in this case is not a saprophyte but has 
unquestionably invaded the tissues. 

8: The presence of peculiar globoid bodies, intracellular and extracellular, in 
the lesions of the spleen, though not definitely known to be parasites yet 
suggesting this fact, produces a picture not unlike that seen in known sporo- 
trichum infections of other tissues. 


In our opinion these points are almost sufficient to rule out tubercu- 
losis, though we are fully aware of the lack of absolute proof, that is, 
negative guinea-pig inoculations of tissue removed from the lung and 
spleen. If one wishes to deny the primary fungus infection and regard 
the primary lung lesion as tuberculous, there still remains a secondary 
infection by the sporotrichum in the lungs; which is beyond question. 
The lesions in the spleen might be regarded as tuberculous, under such 
circumstances as obtain, and secondary to a primary pulmonary tuber- 
culosis. Whatever opinion we may think best supported by the facts 
at hand, it seems most sensible to regard the lesions in the lungs as 
identical with those in the spleen, and the result of one and the same 
infection. 


IV 
DISCUSSION 


We can add little or nothing further in a discussion of the case just 
described. However, there are some facts of general interest in con- 
nection with visceral sporotrichosis that may be mentioned. 

In all the reported cases except that just described the supposed 
visceral manifestations occurred in patients already suffering from 
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sporotrichum infections of superficial tissues, such, for instance, as most 
commonly observed in the skin and subcutaneous tissues. It is obvious, 
therefore, that one could hardly speak of these cases, even had they 
been satisfactorily proved, as anything but secondary manifestations. 
This leads up to a brief consideration of the general nature of sporotri- 
chum infections. 

From the distribution of the cutaneous and subcutaneous lesions in the 
ordinary case one may arrive at two widely different views; one being 
that sporotrichosis is a disease localized to the tissues immediately 
surrounding the initial lesion, and spreading, as is well known, along 
the lymphatic channels; the other being that the disease early takes on 
the character of a septicaemia, with localizations in skin and subcuta- 
neous tissues of widely separated parts of the body. It is quite certain 
that both these forms are frequently met with, the former however 
being the most common. ‘There are many supporting observations for 
the septicaemic nature of some of the severer types, the most convincing 
of all being the fact that microdrganisms can be cultivated from the 
blood in cases with multiple lesions. This was shown by Widal and Weill 
(14), Gaucher, e¢ al. These same workers also showed that antibodies 
in the form of agglutinins are present in all cases, regardless of the pres- 
ence or absence of microérganisms in the blood-stream. Complement- 
fixation tests also are positive, indicating another form of immune body 
in the patient’s serum. 

Being aware of the nature of sporotrichum infections, the wonder to 
us is that visceral lesions should be so rarely observed. One can think 
of no adequate explanation of this rarity other than the well-recognized 
low virulence of the microdrganism and the rapidly developed immune- 
body reaction of the host. In this connection one must remember, 
however, that cutaneous sporotrichosis is now readily recognized and 
more readily cured, so that it is highly possible that the cutaneous 
disease is well under control by treatment before sufficient time elapses 
for the development of visceral lesions of any consequence. 

The rarity of pulmonary infection with sporotrichum is of the greatest 
importance to those whose work is largely concerned with pulmonary 
tuberculosis. Fungus infections of the lungs are always considered good 
possibilities by the clinician who is unable to establish a diagnosis in 
obscure pulmonary conditions. It seems from our review that some 
fungus other than sporotrichum must be sought for in these doubtful 
cases, for the extreme rarity of pulmonary sporotrichosis practically 
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dismisses it from consideration. In over 9,000 autopsies at the Johns 
Hopkins Hospital only one case can be found. Six other fungus infec- 
tions, make a total of seven cases due to fungi of all kinds out of our 
9,000 autopsies. From over 3,200 autopsies performed at the Baltimore 
City Hospitals only two cases of primary fungus infections of the lung 
have been found. One of these parasites is listed as monilia and the 
other as an unidentified mycelium. Such statistics simply serve to 
emphasize the rarity of fungus infections of all kinds. 


SUMMARY 


1. All reported cases of pulmonary sporotrichosis have been abstracted 
and subjected to a critical analysis. 

2. From this review it is apparent that pulmonary infections by 
sporotrichum are extremely rare, there being just two cases in the entire 
voluminous literature on the subject of sporotrichum infections of all 
varieties, in which the evidence is in any way satisfactory. It is also 
evident that visceral lesions of any kind are almost unknown in this 
disease. 

3. The lesions, thought most probably to be due to infection by sporo- 
trichum, which were found in the lung and spleen in a review of an un- 
published case from our service, are described. They appear somewhat 
similar to those produced by the tubercle bacillus, but are by no means 
identical with them. 

4. Attention is called to the septicaemic nature of many apparently 
localized sporotrichum infections and the associated lack of generalized 
visceral lesions in such cases commented upon. 

5. It is pointed out that, because of the rarity of visceral lesions in 
sporotrichum infections, little attention need be paid to the probability 
of such infection in the differential clinical diagnosis of obscure pulmonary 


conditions. 
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THE EFFECT OF RACHITIC DIETS ON EXPERIMENTAL 
TUBERCULOSIS IN WHITE RATS! 


I. CALCIUM AND VITAMINE-D DEFICIENCIES AS FACTORS IN 
LOWERING RESISTANCE 


AGNES H. GRANT, B. SUYENAGA anp D. E, STEGEMAN 


The white rat has long been thought to be almost immune to tubercu- 
losis. For this reason, and because it is susceptible to deficiencies of both 
calcium and the antirachitic vitamine, or vitamine D, it seemed to us to 
be ideally adapted for determining whether a naturally high resistance 
to tuberculosis can be lowered by decreasing the calcium and vitamine 
D of the diet. 

In 1911 Griffith (1) came to the conclusion that of all the animals ex- 
perimented upon the rat proved to be the least susceptible to tuberculosis. 
He found that to subcutaneous inoculations of tubercle bacilli rats ap- 
peared to be very refractory, although they were slightly susceptible to 
intraperitoneal inoculations. Other investigators of the same period also 
found the rat to be very resistant. 

In 1917 and 1918 Watanabe (2) (3), in his studies on natural immunity, 
traced the route of dissemination, and the fate of human and bovine 
tubercle bacilli injected intraperitoneally into white rats. With 0.02 
mgm. of human bacilli the microédrganisms were held by the lymph nodes 
and did not progress further, but 0.02 mgm. of bovine bacilli caused an 
intense reaction of the local lymph nodes, entered the lymph and blood- 
vessels, and reached the liver, spleen and lungs. Large doses (0.2 mgm.) 
of human bacilli entered the blood-vessels, and reached the spleen and 
liver, and possibly the lungs. Watanabe concluded that tuberculosis 
does not develop very extensively in rats. 

In 1917 Cobbett (4) stated that the rat could be infected experimentally, 
and a fatal disease induced by any of the three types of tubercle bacilli, 
avian, human or bovine; but that the dose must be a large one and the 
injection must be intraperitoneal. Under these circumstances a pro- 
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gressive general infection is set going, and may slowly prove fatal. But 
the disease is not like tuberculosis as seen in any other species of animal, 
except the mouse, the lesions presenting little or no resemblance to tuber- 
cles, and being for the most part slight and inconspicuous. Cobbett did 
not find tubercle bacilli in the rats injected subcutaneously until the 
doses given reached 10 and 25 mgm. 

In 1922 and 1923 Gloyne and Page (5) (6) attempted to lower the re- 
sistance of rats by feeding diets deficient in the fat-soluble vitamines, 
and by feeding substances which were known to inhibit phagocytosis, but 
without definite results. In the course of the work experiments were 
made on large numbers of rats by means of subcutaneous and intraperi- 
toneal injections of a virulent strain of human tubercle bacilli. In all 
cases the animals proved to be refractory, though a few lesions were 
noted in the spleen, lungs, liver and lymph nodes when large doses were 
given intraperitoneally. Adult rats were used in these experiments, 
and they were killed within 45 days after inoculation. 

In 1923 Simmonds and Lange (7) attempted to lower the resistance of 
rats by feeding diets deficient in protein and in calcium. They found 
that there was a more diffuse and extensive local reaction at the site of 
inoculation, a slower dissemination, and a slower elimination of the lesions 
when the diet was deficient in calcium than when it was normal. Very 
few of their rats developed any signs of tuberculosis, except at the local 
focus. They used adult rats, and a strain of bovine bacilli of very low 
virulence. 

In 1925 Lange (8) could not find any differences in reaction to the 
tubercle bacilli that could be attributed to differences in the diet. She 
used adult rats from the general market, and kept them on diets both 
rich and poor in the fat-soluble vitamines. In this work she used a 
slightly larger dose of the same bacilli of low virulence that was used 
by Simmonds and Lange (7). 

In 1925 Ornstein and Steinbach (9) found that albino rats infected 
with tubercle bacilli show no manifestations of the disease. At autopsy 
of such infected rats there appeared no macroscopic or microscopic evi- 
dences of tuberculosis. However, tubercle bacilli could be demonstrated 
in the tissues of the animal, either in the smears or in the histological 
sections of the organs. The inoculation of any part of the organs pro- 
duced tuberculosis in guinea pigs. One cubic centimetre of a very heavy 
emulsion of tubercle bacilli (H37) was given intraperitoneally, but no 
mention was made of the age and the size of the rats used. 
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In 1925 Smith (10) (11) found that when he injected albino rats of 40 
to 60 gm. intraperitoneally with 5 mgm. of H37 tubercle bacilli, and kept 
them on a refined diet, consisting of casein 18, salt (185) 4, agar 2, yeast 
5, butterfat 10 and starch 61 per cent, they developed tuberculosis in the 
lungs in 10 to 15 months. The lungs were voluminous and did not 
collapse, and were mottled with grayish-yellowish conglomerate tubercles. 
These nodules were so numerous in the advanced cases that hardly any 
normal tissue was left. When casein was used as the source of protein 
Smith could not demonstrate any increased susceptibility on diets defi- 
cient in the fat-soluble vitamines until practically all of the vitamines 
were withheld. On a diet of lower biological value the lowered resistance 
to tuberculous infection of the vitamine-deficient animals was more 
apparent. 

In our studies on tuberculosis in rats we find that the rate of progress of 
the tubercle bacilli is influenced to a remarkable extent by the diet; and 
that rats can be made susceptible to comparatively small subcutaneous 
injections of a virulent strain of bovine bacilli by decreasing the calcium 
and the vitamine D of the diet. In this work we used the technique of 
our work on rickets (12), except that we kept the experimental rats in 
well-lighted cages. In that study we had found that the degree of re- 
sponse to deficiencies of calcium and vitamine D could be varied, and 
could be easily controlled. We showed that white rats invariably devel- 
oped rickets when they were placed in darkness and on a diet deficient 
in calcium and vitamine D, at 21 days of age. The degree of rickets 
that developed depended more upon the vitality of the rats at 21 days, 
or upon the diets of the mothers, than upon the differences in their 
weights at this time. Decreasing the vitamine D of the mother’s diet, 
by keeping her in a darkened cage and giving her a diet deficient in vita- 
mine D, increased the susceptibility of her young to rickets. Decreasing 
both the calcium and vitamine D made the young so susceptible that 
they developed florid rickets within a few weeks after weaning. 

The animals used in our tuberculosis work were of the best-grade 
Wistar rats, and were inoculated within a week after weaning. Although 
outside factors tended to modify the results obtained, and to obscure the 
differences in the mother’s diets, the results were definite in several re- 
spects. We found that by decreasing the calcium and vitamine D of the 
diet rats can be made so susceptible to tuberculosis that they develop 
tuberculous lesions in the lungs which can be diagnosed grossly and 
microscopically and by guinea-pig inoculation. 
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Wealso found that rats receiving an abundance of calcium and vitamine 
D in their diet were immune to large subcutaneous injections of a virulent 
culture of bovine tubercle bacilli, unless they had experienced a prolonged 
deficiency before inoculation. Some of these rats received four times 
the dose used in our first series, and ten times the dose chosen as the 
standard one for our entire problem. 


EXPERIMENTAL 


The breeding rats used in our tuberculosis investigation were divided 
into three groups when mated, and were given three variations of a cereal 
diet that consisted of whole wheat flour 15 lbs., oatmeal 10 Ibs., yellow 
cornmeal 10 lbs., linseed-oil meal 3.3 Ibs., salt (NaCl) 100 gm., and bone- 
meal 100 gm. Yeast was given daily. 


Group A was given the basic diet, with the addition of codliver oil kept in the 
cage all the time and replenished three times a week. 

Group B was given the basic diet, without the addition of codliver oil. 
Group C was given the basic diet when mated, and the bonemeal was removed 
from the diet a few days after mating. 


The young were born on September 13 to 19, 1923, and were weaned on 
October 4 to 10. On October 1 to 9 severe cold weather thoroughly 
chilled the laboratory every night for over a week. During this period 
the weather was gloomy and it rained several times. The young rats, 
with the exception of the litter born September 13, were less than two 
weeks old on October 1, and were not protected from sudden changes in 
temperature by their light coats of fur. They were underwieght for the 
diets given the mothers, and their susceptibility to the effect of deficient 
diets was increased. 

The young from group A averaged 19.3 and 19.2 gm. at 21 days, while 
young raised on this diet during the previous summer averaged 22 to 26 
gm. Those from group B averaged 15 and 20.5 as compared with 21 
to25 gm. Those from group C averaged 12.6 and 18.5 as compared with 
15 to 18 gm. for the same-sized litters and the same length of calcium 
deprivation, two factors which influence the rate of growth of the young. 
(In this group the litter weighing 18.5 gm. was born September 13, and 
was normal for the diet given to the mother.) 

The litters were given the diet of group C, the cereal diet without 
bonemeal, when they were weaned at 21 days. Seven young from group 
A, 8 from group B, and 6 from group C were transferred to the tubercu- 
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losis laboratory, and were inoculated within a week after weaning. This 
laboratory is on the fifth floor and, while it is as well lighted as the main 
laboratory, the lighting is more indirect. The type of cages used was 
the same in both laboratories. The rats were all fed alike, as the food 
was prepared in the main laboratory, and then divided between the 
two laboratories. 

Seven young from group A, 7 from group B, and 4 from group C were 
kept in the main laboratory as diet controls. 

Because the susceptibility of the young was increased above normal 
for the diets given to the mothers, the amount of rickets which developed 
could not be taken as an index of the influence of the mother’s diet upon 
the young. This made necessary a slight change in our plans, as it 
seemed advisable not to carry out our original intention of terminating 
the experiment when those on the poorest diet developed tubercles in 
the lungs. 

The young in all sets were allowed to die from the effects of rickets 
before they were examined for tuberculosis, and the diet of the young 
was the chief factor studied. In the experiment, as finally completed, 
the young from group A developed as severe tuberculosis as any in the 
group, partly because they lived from 3 to 138 days longer than any from 
group B, and partly because of their lowered resistance to the effects of 
deficient diets. 


Series 1: Showing that Tuberculosis Will Develop in the Lungs of Young 
Rats When the Diet is Deficient in Calcium and Vitamine D 


Within 3 to 7 days. after weaning the rats were inoculated with 0.5 
mgm. of a virulent strain of bovine tubercle bacilli in 1 cc. of a 0.9per cent 
salt solution, subcutaneously in the left groin. A fifteen-day-old culture 
was used, 20mgm. of the bacilli being weighed out, and a fine paste made 
in a mortar with a few drops of the salt solution. This was then diluted 
to 40 cc., care being taken to avoid clumping. 

_ Weekly weights of the rats were taken, and they were examined 
twice a week for signs of rickets and tuberculosis. Reaction to the 
tubercle bacilli was observed at the site of the local lesions after about 
three days. At this time the local lymph nodes were a little enlarged in 
some cases. After a week considerable infiltration took place at. the site 
of the injection, forming small nodules. The lymph nodes were enlarged 
in almost every case. 
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In two weeks these changes were a little more marked, and some fresh 
scar-tissue appeared. After three weeks the induration and scar-forma- 
tion were marked. Four weeks after the injection tiny fresh crusts were 
seen on top of the infiltrated local lesion in many cases, and some nodular 
infiltration was palpable subcutaneously. After this the lesions became 
less uniform. 

In most cases the external lesion seemed to reach its maximum extent 
at 5 to 6 weeks, and gradually subsided at about 10 weeks after the in- 
jection. In some cases the lesions seemed to progress up to 15 weeks 
after inoculation, and in a few the infiltration of the skin started anew 
after the tenth week. In only two cases was there any leaking of caseous 
fluid from the local lesions. This took place at 9 and 15 weeks after 
injection, when the local skin lesions of the other rats were subsiding. 

As the infiltration became less active the new scar-tissue became more 
extensive. With entirely healed lesions of the skin there were sometimes 
subcutaneous lesions with encapsulated caseous material, or even deeper 
lesions directly on or in the muscular layers. The local, as well as the 
other lymph nodes, did not, as a rule, become much enlarged. Their 
enlargement probably reached a maximum by 10 weeks after inoculation, 
and in some cases much earlier. | 

Four rats died immediately following the inoculation, evidently from 
shock. Twelve died between 56 and 119 days after inoculation, three 
at 131, 139 and 192 days, and one was killed at 245 days. Except for 
the normal rats from the litter born on September 13, the young, although 
their length of life corresponded to the diet given the mothers, died be- 
fore the ‘‘expectation” for that diet. Nearly every rat developed severe 
rickets, with curvature of the spine. 

At autopsy the general external condition, as well as that of the bones 
of the chest and limbs, indicating the extent of rachitic involvement, 
were noted. Routine smears from the local lesion, local lymph nodes, 
spleen, liver and lungs were made in every case examined. In many 
cases histological sections were made from suspicious parts of the liver 
and spleen and examined for tuberculosis and tubercle bacilli. In no 
case was any positive evidence of lesions found. No macroscopic signs 
of tuberculosis were found in the kidney. 

Formalin fixation of the tissues of the rats seemed to be satisfactory 
for staining tubercle bacilli in our work. We carefully avoided any un- 
necessary heating of tissues in all stages of preparation and drying. We 
have never failed by formalin fixation to demonstrate the bacilli in such 
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TABLE i 
Showing that decreasing the vitamine D and calcium of the diet increases the susceptibility 
of young rats to tuberculosis. Dose, 0.5 mgm. tubercle bacilli 
Inoculated October 12 


WEIGHT TUBERCULOSIS IN LUNGS 


Of 
- mear | riologi- 
litter cally 


+, + 


> 


7 
7 
7 
7 
7 
7 
9 
9 
6 
6 
6 
5 
5 
5 
5 


Diet controls 


63 
50 
46 


AR > 


* Killed June 12. 

Slight rickets = +. 

Rickets = ++. 

Marked rickets = +++. 

Severe rickets = +-+-++ (scoliosis). 


| 
| NUMBER 
Of Patho- 
it gm. gm. gm. 
iF | 9 19.3| 81 | 62 |130 | +4 
1.9 19.3} 90 | 63 | 153 | +++ 
3M| 9 19.3] 87 | 70 | 131 | +++ 
4F 9 19.3} 81 | 71 | 139 | +++ 
SF | 10 19.21 98 | 38°] 267° | 444 
a 6F | 10 19.2} 92 | 59 | 213 | +4++4 rar 
| 7M] 10 19.2] 98 | 69 | 160 | +++ +44 
8F | it 15.0] 77 | 62 | 112 | 
9M] 11 15.0} 60 44 | 104 | +++ ++4 
10M} 12 20.5] 94 | 67 | 123 | +++ 
Hii 11M} 12 20.5| 87 | 68 | 117 at +++ 
12M] 12 20.5} 99 | 70 | 128 | +++ 
13 F | 13 18.5 | 88 76 4128 | +++ +4 
144F | 13 18.5} 64 | 49 | 91 | +44 
I 1SF | 14 12.6] 40 | 40 | 75 | +++ ++ 
16F | 14 12.6] 48 | 39 | 93 | +4 
9 19.3] 86 140 |++++ 
52 F 9 19.3] 65 122 j++++ 
53 F 9 19.3] 61 131 |++++ 
10 19.2} 67 | 50 | 110 |++++ 
56F | 10 19.2] 73 | 56 | 121 |++++ 
57M] 10 19.2] 83 | 66 | 129 j++4+4 
11. 15.0] 36 | 29 | 77 |++++4+ 
59M| 11 15.0} 56 | 46 | 98 |++++4 
| 6OF | 11 15.0} 43 | 35 | 103 |++++ 
| 61F | 11 15.0} 36 | 28 | 91 |++++4+ 
62F | il 20.5} 39 | 33 | 114 |++++ 
12 20.5] 48 | 37 | 91 
64F | 12 20.5| 67 | 49 | 107 J++++4+ 
65F | 13 18.5] 72 | 57 | 144 | +++ 
66F | 13 18.5] 61 | 46 | 139 |++++4+ 
67F | 14 12.6} 30 | 26 | 70 |++++ 
68F | 14 12.6| 28 | 24 | 70 |++++4+ 
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extensive tuberculosis as our rats showed. In staining the sections of 
the lungs haematoxylin-eosin was used for the pathological study, and 
carbol-fuchsin-haematoxylin for the bacteriological study. 

The smears from the local lesions contained numberous tubercle bacilli, 
There were three instances of positive smears from the spleens and one 
from the livers, although no definite histological tuberculosis was found 
in these organs. 

The findings in the lungs were of great interest. There were micro- 
scopic signs of tuberculosis in every case but one. This one rat was from 
the normal litter of group C. It obviously died of rickets before there 
was time for tuberculous foci to develop in the lungs, as its mate devel- 
oped unmistakable signs of tuberculosis. 


Fic. 1. AN ENDOTHELIAL LEUCOCYTE CONTAINING A FEW TUBERCLE BACILLI 
Section from lung of rat with experimental tuberculosis 


A great many tubercle bacilli were found intracellularly in both the 
smears and sections; we once counted more than thirty in a mononuclear 
cell in a stained section. When the tuberculosis is active there are more 
bacilli scattered outside the cells, and they are more likely to be found 
in smear preparations than when the lesion has become chronic. 

Grossly, the tuberculous lesions may appear in three forms: first, the 
gray nodular lesions, which prove most often to be tuberculous; second, 
the gray or red miliary spots occasionally resembling miliary tubercles; 
and, third, patches of varying sizes, reddish in color and apparently 
superficial. 

In the first type the lobes look and feel solid, are of a dull uniform gray, 
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contain little or no air, and rapidly sink when placed in water. The cut 
surface of such lungs is mottled, the bronchi are thickened, and thick 
whitish pus, when expressed, is found to contain numbers of acid-fast 
bacilli intracellularly. 

Microscopically, these lungs have lost, almost completely, any resem- 
biance to the original form. No definite air-cells are seen, the whole 
being a mass of epithelial and connective-tissue cells containing a more or 
less thick scattering of endothelial phagocytes and red blood-cells. The 
endothelial cells form their own characteristic grouping. In active cases 
these groups or islands of endothelial cells are usually scattered in areas 
of subacute or chronic inflammation with congestion, a considerable 
amount of serous exudate being present. The endothelials, in many 
cases, contain numbers of acid-fast bacilli (figure 1). The histological 
picture of tuberculosis in these lungs indicates active lesions. 

In the cases of inactive tuberculosis the group of endothelial cells is 
small, consisting of comparatively few cells, with only a few lesions. The 
background may be entirely clear, and such lesions seem to be gradually 
shrinking. Connective-tissue encapsulation has not been seen in the 
pulmonary lesions of our rats; nor have giant cells of distinctly Langhans 
type been seen, but there are giant cells of smaller size, with an irregular 
arrangement of nuclei. We have also failed to observe any case with 
calcified tubercles in any of the sections. 

In order to determine whether the microdrganism found in the lungs 
was the tubercle or some other acid-fast bacillus, we made the following 
biological tests: 


1: Rat 2 of series 1, found dead February 20, 1924, 131 days after inoculation. 
Except for four pieces saved for histological examination, the whole of both 
lungs of this rat was finely ground with sand, and a suspension made in 10 cc. 
of physiological salt solution. Two small guinea pigs were inoculated, sub- 
cutaneously, each with 1.5 cc. of this suspension. Both died of extensive and 
generalized tuberculosis at 43 and 57 days after injection. 

2: Rat 6 of series 1, found dead April 21, 1924, 192 days after inoculation. 
Two guinea pigs were inoculated, each with 1.5 cc. of a suspension of ground- 
up lung tissue. Both animals, when killed 63 days after inoculation, were 
found to have extensive local and generalized tuberculosis. 


Series 2: Showing the Susceptibility of Young Rats to Rickets and 
Tuberculosis 


As the young in series 1 weré so much more susceptible to rickets than 
they should be the work was repeated with rats that were thought to be 
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normal for the diets given to their mothers. They were born on October 
20 to November 6, and were weaned on November 11 to 27. At 21 
days they compared very favorably with rats raised the previous summer. 

The two litters from group A averaged 29.5 and 21.9 gm., those from 
group B 22.5 and 19.3 gm., and the one from group C 22.8 gm. This 
litter was born 10 days before any of those from groups Aand B. ‘The 
litters were divided into the inoculated group and the diet controls when 
they were weaned, and were given the cereal diet without bonemeal. 
The young of this series were inoculated with 0.2 mgm. in 0.5 cc. of a 
0.9 per cent salt solution of the strain of bovine bacilli used in series 1, 
subcutaneously in the left groin. The culture used for the young from 
group C was 35 days old, and that for the young from groups A and B 
49 days old. Both cultures seemed to be in excellent condition. The 
dose was decreased from 0.5 mgm. bacilli in 1 cc. salt solution to 0.2 mgm. 
in 0.5 cc. salt solution because the larger amount had resulted in several 
deaths, presumably from shock. 

These young proved to be even more susceptible to rickets than those 
of series 1. A study of the official reports shows that they were born 
after the onset of a prolonged stretch of gloomy weather, and were raised 
under adverse weather condition.2, As the young from group C were 
born 10 days earlier than those from the other groups, they were more 
nearly normal for their diet. 

One rat from group C died 24 days after inoculation, and one from 
group A was lost at 96 days. The other 14 rats died between 56 and 78 
days after inoculation, with either marked or severe rickets. 

Very little tuberculosis was found in this series, partly because the 
dose used was very small, and partly because the rats died so soon after 
inoculation that there was not sufficient time for the disease to develop 
in the lungs under the conditions of the experiment. 


Series 3: Comparing the Growth-Curves of the Inoculated Rats with That 
of the Diet Controls 


Within a very few weeks after inoculation we noticed that the tuber- 
culous rats were growing more rapidly than the diet controls. This 
discrepancy in the growth-curves was so uniform that a difference in the 
conditions of the two laboratories was suspected, though all odds seemed 


2See Study II by Grant, Bowen and Stegeman, American Review of Tuberculosis, 1927, 
xvi, 642. 
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to be in favor of the main laboratory. This room was well lighted, and 
the temperature was almost constant both day and night. The tuber- 
culosis laboratory was almost as well lighted, but it was heated entirely 
from the hall. In consequence, it was very cold at night when the door 
was kept closed, and during the coldest parts of the winter. 

In the summer of 1924, when the temperatures of both laboratories 
were similar, five litters of rats were divided between the two labora- 
tories, equal both as to number and sex. On November 1, four months 
after weaning, the rats in both laboratories showed slight differences in 
their rate of growth. Those in the main laboratory averaged several 
grams more than those in the tuberculosis laboratory, and there were 
fewer deaths from rickets. 


Series 4: Showing That Normal Rats Are Almost Immune to Tuberculosis 


This series consisted of 23 young rats from five mothers. Five were 
from a mother that had been receiving the cereal diet with the bonemeal 
for some time before mating; the others were from mothers receiving 
milk and codliver oil in addition to their cereal-bone diet. They were 
weaned on December 15 to 20, and were less than four weeks old when 
inoculated. 

They were inoculated with varying doses of the bovine bacilli used 
throughout the investigation. (A low vitamine-D series that was inocu- 
lated at this time showed that the virulence of the culture was unim- 
paired.) Four rats received 0.05 mgm. of the bacilli in 0.5 cc. physio- 
logical salt solution, four 0.2 mgm., four 0.4 mgm., four 0.6 mgm., three 
1 mgm., two 1.5 mgm., and two 2 mgm., subcutaneously in the left groin. 
All rats were given codliver oil in addition to their cereal-bone diet im- 
mediately after inoculation. 

No record was kept of the codliver oil consumed, and the superior 
weights and condition of the rats were relied upon to show which ones 
drank the oil. When they were autopsied 6 months after inoculation, 21 
of the rats seemed to be free from all signs of tuberculosis. One of the 
three that received 1 mgm. bacilli showed a caseous local lesion that con- 
tained tubercle bacilli, and one from the four that received 0.6 mgm. 
showed the first signs of tuberculosis in the lungs. In six other rats 
there were slight abnormalities in the lungs that did not prove to be 
tuberculous. 

All the rats weighed over 200 gm., with the exception of the one that 
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had signs of tuberculosisin the lungs. This rat weighed 130 gm., and had 
chalky teeth and rough, coarse hair. Whether the mother’s diet (cereal- 


TABLE 2 


Showing that during a gloomy winter young rats are very susceptible to tuberculosis when the 
calcium and vitamine D of the diet are deficient. Inoculated November 13 and November 28. 
Dose, 0.2 mgm. tubercle bacilli 


NUMBER WEIGHT TUBERCULOSIS IN LUNGS 


of At Bacte- 


Smear | riologi- 
mother cally 


15 
15 


No autopsy 


AXA A 


7iM 
72 F 
73 F 
74F 
75M 
76M 
77 F 
78 F 
79 F 
80 M 
81M 
82 M 
83 M 


65 
39 
51 
40 
40 
34 
41 
24 
37 
37 
36 
36 


CH 


* Died from accident. 


bone diet for some time before mating) or the fact that the rat drank 
very little codliver oil (as shown by the chalky teeth and rough hair) 


at 
— 
Of rat 
gm. gm. gm. 
17 F | 29.5 | 76 76 |} ++ + + 
18 F 29.5 | 73 73 | ++ - 
19F 15 29.5 | 77 76 89* | ++ 
20M} 16 21.9} 44 42 87 | - 
16 21.9} 62 49 89 |} 
22F | 16 21.9; 80 80 | 117 Ps 
23 F 16 21.9} 58 44 99 ++ = 
24 F 17 22.5; 40 78 | +++) + + 
17 22.5} 54 43 = on 
26M} 17 22.5 | 42 34 82 | +++] - 
27M) 17 22.5} 53 4h 83 ++ + + | ++ 
28M | 18 19.3 | 46 36 8 - 
29 F 18 19.3 | 43 33 77 ++ 
30 F 18 19.3 | 40 39 = 
31M | 19 20.8} 61 50 81 | +++] - 
32M 19 20.8 | 32 32 Git! 
Diet controls 
15 29.5} 98 127 |+4+++ 
15 29.5 | 64 107 
16 21.9} 52 97 
16 21.9 | 57 88 j++++ 
16 21.9} 50 88 j++++ 
16 21.9| 54 97 | +++ 
17 22.5 | 38 74 
17 22.5 | 54 102, j+#+++ 
17 22.5} 31 i++++ 
18 19.3 | 53 93 I++4++ 
18 19.3 | 45 7 j4¢4¢4+ 
18 19.3 | 45 77 j444++ 
19 20.8 | 38 | 83 +4+4++4+ 
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was responsible for the lowered resistance could not be checked. The 
rat showing the caseous local lesion was from the same litter. The three 
rats from this litter with no signs of tuberculosis received 0.4, 0.6 and 
1.5 mgm. tubercle bacilli. 


DISCUSSION 


In studying tuberculosis in rats it in very difficult to compare rats 
inoculated with two different-sized doses of tubercle bacilli from cultures 
of different ages. When this is complicated by the fact that the rats 
died at widely differingages, it is almost impossible to make comparisons. 
For this reason no comparison was made between series 1 and 2. 

By giving varying amounts of tubercle bacilli, we found that rats from 
normal mothers receiving an abundance of both calcium and codliver oil 
in their diet are immune to as much as 2 mgm. of bovine tubercle bacilli, 
injected subcutaneously. These rats were raised under the adverse 
weather conditions of series 2, but they received adequate diets both 
before and after inoculation, except in one case. In this one instance 
the mother’s deficient diet was not entirely compensated for by an ade- 
quate diet given after inoculation. 

By using a diet deficient in calcium and vitamine D we were able to 
produce unmistakable lesions of tuberculosis in the lungs of rats injected 
with 0.2 and 0.5 mgm. of tubercle bacilli. Weattributed the increased sus- 
ceptibility of these rats to a deficiency of vitamine D because yellow corn- 
meal was used in the basic diet, and because the lesions of rickets were 
used to show that the diet was deficient. 

From a comparison of the inoculated rats and the diet controls, we find 
that tuberculosis often seems to stimulate growth in rats. So many of 
the inoculated rats grew faster and lived longer than the diet controls, 
in spite of the fact that conditions in the main laboratory were more 
favorable for growth, that the two laboratories were compared. We 
found that, under the most favorable conditions, the growth of rats on a 
deficient diet was slightly better in the laboratory where the diet controls 
were kept. 


CONCLUSIONS 


1. White rats can be made so susceptible to tuberculosis, by decreasing 
the calcium and vitamine D of the diet sufficiently, that they develop 
tuberculosis in the lungs which can be diagnosed grossly and microscopi- 
cally, and by guinea-pig inoculation. 
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2. Rats receiving adequate diets both before and after inoculation are 
immune to subcutaneous inoculations of tubercle bacilli that are four and 
ten times as large as the doses used in our investigation. 


Acknowledgment is made to Dr. W. B. Wherry for his help and advice during the course 
of this investigation. 

Thanks are due to Dr. J. F. Lyman of the Ohio State University for his help and advice 
in writing this report. 
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THE EFFECT OF RACHITIC DIETS ON EXPERIMENTAL 
TUBERCULOSIS IN WHITE RATS! 


II. VITAMINE-D DEFICIENCY AS A FACTOR IN LOWERING 
RESISTANCE 


AGNES H. GRANT, J. A. BOWEN anp D. E. STEGEMAN 


Our first investigation on the effect of rachitic diets upon tuber- 
culosis (1) showed that, even with unfavorable weather conditions, 
white rats, receiving an adequate diet both before and after experi- 
mental infection, are immune to subcutaneous doses of tubercle bacilli 
several times as large as the doses used for the animals on deficient diets. 
Decreasing the calcium and vitamine D of the diet sufficiently lowers 
the resistance to tuberculosis until the bacilli can be found in the lungs, 
and be demonstrated grossly and microscopically, and by guinea pig 
inoculation. 

In this second Study we seek to show that a prolonged deficiency of 
vitamine D can produce a lowered resistance to tuberculosis when there 
is an abundance of calcium in the diet. We used our study on rickets 
(2) as a basis for this investigation, because here we were able to produce 
marked rachitic lesions on diets that were deficient in vitamine D and 
adequate in calcium. In these studies we prolonged the deficiency of 
vitamine D by beginning the experimental diets with the mothers. They 
were kept in darkened cages to shut out the factors other than dietetic 
that protect from rickets, and were made to raise several litters on a diet 
that was deficient in vitamine D alone. 

The first and second litters raised under these conditions were normal 
in development, even after several months in darkness, and on the defi- 
cient diets. Third, fourth and fifth litters were affected by the prolonged 
deficiency of their mothers’ diets and by their own deficient diets. 
Third litters developed slight signs of rickets after several months on the 
diet, while fourth and fifth litters developed marked and severe rickets 
under the same conditions. 
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We took advantage of the fact that we could judge the degree of 
vitamine-D deficiency reached by the experimental rats; and we trans- 
ferred our work on rickets bodily to our tuberculosis study. In this 
combined study we find that the amount of tuberculosis which develops 
in young rats follows the susceptibility to rickets very closely, and that 
a prolonged deficiency of vitamine D can break down a natural immunity 
to tuberculosis. 

This work was complicated, and enlarged, because we found that the 
production of rickets was hastened by a cold gloomy winter, until first- 
litter rats from normal mothers developed rachitic lesions of the ribs. 
Examination showed that the gloomy winter had also decreased the re- 
sistance to tuberculosis. Our interpretation of this is that the influence 
of the gloomy winter increased the relative amount of vitamine that was 
needed in the diet, until the rats became very susceptible to deficiencies. 

By spring the rats were so susceptible to a deficiency of vitamine D 
that the complication of tuberculosis increased the severity of their 
rickets. The lesions in the ribs were more pronounced than they would 
have been on the deficient diet alone, and in many cases the spinal col- 
umns were deformed. 


EXPERIMENTAL 


In the studies on rickets which were run in 1922, and again in 1923, 
we showed that by decreasing the inherited vitamine reserves of young 
rats we could lower their resistance to rickets, until finally they devel- 
oped severe signs of this disease when given diets which were deficient in 
vitamine D alone (2). 

The first group of experiments on tuberculosis showed, in a consecutive 
series, that decreasing the inherited vitamine reserves of the young de- 
creased their resistance to both rickets and tuberculosis. In this series 
the methods of the former studies were used. The young were kept in 
the darkened cages after weaning, and were given the standardized diet 
that is deficient in vitamine D alone. This consists of whole-wheat flour 
15 Ibs., yellow cornmeal 10 lbs., oatmeal 10 Ibs., linseed-oil meal 3.3 lbs., 
bonemeal 100 gm., and salt (NaCl) 100 gm. Yeast was given daily. 

Breeding rats having decided difference in their vitamine reserves were 
chosen for this series, and were given diets which either supplemented 
these reserves or depleted them still further. Mothers 1 and 2 were 
taken from stock. They were kept in well-lighted cages, and their basic 
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diet was supplemented by the addition of codliver oil three times a week. 
The first litters were used for inoculation. 

Mother 3 was taken from a second litter raised in darkness. She had 
been kept in darkness and on the basic diet all her life. Her first litter 
was used for inoculation, a second generation on the low-vitamine diet. 

Mother 4 had already raised three litters in darkness on the basic diet, 
and mother 5 had raised four litters under the same conditions. The 
fourth litter of mother 4 and the fifth litter of mother 5 were used for 
inoculation. 

The basic diets of mothers 6 and 7 had been supplemented for all the 
litters. Codliver oil and grass were the sources of extra vitamine D. 
Both of these foods appear to be rich in this vitamine, as the young of 
fourth and fifth litters were normal in their resistance to rickets. The 
fourth litter of mother 6 and the fifth litter of mother 7 were used for 
inoculation. 

Mother 8 had raised three large litters in darkness and had lost her 
fourth litter. As this loss of the fourth litter of a good breeding rat 
indicated that its reserve of vitamine D had been depleted, codliver oil 
was added to the diet in order to supply the missing vitamine. The fifth 
litter was above average in the number of young, and the young were 
average in weight when weaned at 21 days. 

Six of the eight litters used in series 1 were born during, or, in the case 
of mother 8, just before a severe cold snap which thoroughly chilled the 
laboratory. Every laboratory litter that was born just before and during 
the first week of October, 1923, except those that were protected by the 
darkened cages, suffered from the effects of this suddenly lowered tempera- 
ture. A large percentage of the young were underweight, and all showed 
a lowered resistance to rickets (see Study I). The litters of mothers 1 
and 2 were less resistant than they should have been, judging from pre- 
vious work with similar diets. 

Each litter was divided into two groups as soon as the young were 
weaned. One group was transferred to the tuberculosis laboratory, and 
one group was kept in the main laboratory for observation. 

In series 2 the effect of decreasing the inherited vitamine reserves of 
young rats upon their resistance to both rickets and tuberculosis was 
studied from a second angle. This study was made during an unusually 
dark and gloomy winter; and a deficiency in the source of the antirachitic 
factor, other than dietetic, complicated the situation. In the three 
groups of this series the effects of unfavorable weather conditions upon 
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the resistance of the young was traced through the winter. The young 
were born in December and February, and every group was raised 
under practically the same meteorological conditions. 

The breeding rats were taken from stock, and were given the standard- 
ized diet that was deficient in vitamine D when they were mated. The 
first young were born during the week of November 25, just after the 
advent of a dark, gloomy and early winter. (According to official re- 
ports cloudy weather set in on October 13, and during the next five weeks 
there were several periods of gloomy days. The weather became settled 
after November 24, and remained almost continuously rainy and gloomy 
for the entire winter. In December there were seven scattered days 
that could be termed fair. In January there was a stretch of six days 
and one of three days, and four isolated days of passably fair weather. 
In February there were seven isolated days, in March there were seven 
days, and in April there were twelve days that were classed as fair. The 
weather did not become clear and settled until after the first week in 
May.) 

The young rats were average in weight when weaned, and, as first 
litters raised on the diet in question had been normal during the previous 
winter, these litters were originally intended as normal controls for series 
1, as well as for series 2 of our first Study (1). The litters used in group 
1 were placed in darkened cages when weaned, and were kept until the 
termination of the experiment. ‘Those used in group 2 were kept in 
well-lighted cages, and were killed three months after inoculation. 

Within a very few weeks after weaning it was found that, even though 
the mothers were taken from stock, the young were not normal for the 
diet given. Their weight curves fell so far below normal that a third 
group was started in January. The mothers were taken from virgin 
stock, from litters that had been born on October 12, after the cold snap 
of early October, and before the settled gloomy weather of late Novem- 
ber. They were average in weight when weaned, and were kept on the 
stock diet until mating. The litters were average in weight when weaned 
on March 2 to 7. 

All litters. were divided into the experimental groups and the diet 
controls when weaned at 21 days of age, and were kept in their respective 
laboratories. The young rats were inoculated with 0.2 mgm. of the strain 
of bovine bacilli used in our first investigation suspended in 0.5 cc. of a 
0.9 per cent salt solution, subcutaneously in the left groin, except for 
the young of mother 8, series 1. In this one case the young were inocu- 
lated with 0.5 mgm. 


TABLE 1 
Series 1 
Showing that decreasing the vitamine D of the diet sufficiently makes young rats susceptible 
to tuberculosis. Diet of young was cereal diet with bonemeal. Inoculated October 27, November 
13, November 5 and October 23 


NUMBER TUBERCULOSIS 
IN LUNGS 


Bacte- 
| Patho- 
logical 


VW 


253 
39** 
253 
253 
160** 
216** 
210 | 242** 
196 | 257 
87 | 101** 
128} 197 | 251 
101 | 151 | 251 
133 | 221 | 245 
149 | 259 | 259 
153 | 177 | 259 
122 | 198 | 259 
152 | 259 | 259 


167 M 
168 F 
169 M 
170M 
171 F 
172 F 
173 F 
174F 
175 F 
176 F 
177 F 
178M 
179 F 
180 F 
181 F 
182 F 


COM WD DH 


Diet of mother A = cereal-bone diet plus codliver oil; of B = cereal-bone diet. 

* Second generation raised on diet. 

{ Grass given for five litters. 

t Codliver oil given for fifth litter only. 

** Died before June 12. 

Note: The small numerals in the fourth column indicate the number of litter raised on the 


diet. 
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Of rat Of Of At At 
a mother | litter day mum | death mum | death 
} 1 grams | grams | grams | days days raged 
1 2F Ai | 22.9] 137] 136] 228/253 | ++ | — | — 
3M Ai | 22.9] 178] 178| 200/253 | ++ | — | — 
4M A: | 43.5 | 234] 205} 179 | 253 + 
5F A: | 43.5] 170] 163] 221 | 253 -|- 
6M B;* | 20.5] 140] 136] 163 |200%/} ++ | — | — 
7F B, | 29.3] 126} 122} 212/237 | +++] + | + 
8M Be | 29.3] 204] 219/237 | | | 
9M Bs | 23.0] 163] 162] 179/217) + 
| 10 F Bs | 23.0| 145] 145] 242/250 | ++ | — | — 
1} 11M A, | 23.8] 170] 118] 184/251 | ++ | + ] + 
12F A, | 23.8] 142] 130] 177/257 | ++ | | 
ie 13 F A, | 23.8| 123] 108] 177/251 | ++ | + | + 
14M Bst | 36.5 | 183] 174] 150 | 245 + 
15 F Bst | 36.5] 167} 167] 245 | 245 + -/- 
He 16 F Ast | 22.2] 130] 130] 259 | 259 + -|/|- 
17M Ast | 22.2] 186] 247 | 259 + -|- 
18 F Ast | 22.2] 164] 151] 219 | 256*| ++ | | — 
19 F Ast | 22.2] 192] 240 | 259 + | + 
Ne Diet Controls 
Ar | 22.9] 117 + 
le A: | 22.9] 29 
Ai | 43.5] 196 + 
Ai | 43.5] 231 
B, | 21.5| 74 +++ 
Be | 29.3] 110 +++ 
Bs | 23.0] 86 
Bs | 23.0} 106 ++ 
A, | 23.8] 87 
A, | 23.8] 128 
1 A, | 23.8] 101 ++ 
Bs | 36.5} 133 + 
As | 22.2] 149 + 
1 As | 22.2] 158 + 
As | 22.2] 122 
As | 22.2] 152 + 
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Series 1: Showing the Extent of Tuberculosis in White Rats upon Diets 
Deficient in Vitamine D Only 


Throughout this study the same difference in the rate of growth be- 
tween the inoculated rats and the diet controls was noticed that was 
found in a low-calcium, low-vitamine series (1) that was run parallel with 
this study. The rats in the inoculated group grew so rapidly that the 
marked differences in resistance to rickets that had been so apparent in 
the diet-control series was not shown. The young that were deficient 
in vitamine D grew as rapidly as the others in the series, and, since we 
find that the degree of rickets which develops on the low-vitamine diet 
is less when the rats grow rapidly than when they grow slowly (2), these 
rats did not develop the marked rickets which the diet controls showed. 
(See table 1.) 

In the inoculated group three rats died at 6 and 7 months after inocula- 
tion, and 16 were chloroformed at the termination of the experiment. 
Evidences of tuberculosis were found in the small, caseous, local lesions 
of 12 rats, and in the local lymph nodes of five. Smears from the lungs 
were positive in three cases, and these findings were confirmed by histo- 
logical and bacteriological examinations. In one case the sections were 
positive, while the smear was negative. 

Of the 4 positive cases one was from a fourth litter raised on the vita- 
mine D deficient diet; two were from the fourth litter of mother 6, the rat 
that had received codliver oil for all litters; and one was from the fifth 
litter of mother 8, the rat that had received codliver oil for her fifth litter, 
but not for the preceding litters. In all four cases the tuberculosis was 
chronic, and there were lesions that were definitely tuberculous even 
upon gross examination. 

In the diet-control group the young from the mothers that were kept 
in darkness showed the same comparative differences that previous 
studies had led us to expect, although the susceptibility of the young 
was altered somewhat by unfavorable weather conditions. The young 
with prolonged deficiencies of vitamine D grew more slowly than any of 
the others, and were more definitely rachitic. Three of these rats died 
before the termination of the experiment, and one was losing rapidly. 
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Series 2: Showing the Effects of a Gloomy Winter (Lack of Sunlight) 
Coupled with Vitamine-D Deficient Diets upon the Resistance of White 
Rats to Tuberculosis 


Group 1: Inoculated in December and Kept in Darkness: In group 1 the 
growth-curve of the inoculated rats fell below the curves of the inoculated 
rats of series 1, even those that were deficient in vitamine D. The same 


TABLE 2 
Group 1: Series 2 
Showing the effect of a gloomy winter and a deficiency of vitamine D in the diet upon tuber- 
culosis. Cereal diet with bonemeal to mother rats and young. Inoculated, December 21. 


TUBERCULOSIS 


NUMBER WEIGHT AGE IN LUNGS 


At 21st day 

At maximum 
At maximum 
Bacteriological 
Pathological 


bd 
ur 


m 
00 


iti + 


4 
4 
2 
2 
9 
9 
9 
9 


Diet Controls 


21.5 70 
21.5 88 140 
25.8 65 92 
26.7 58 157 
19.8 40 142 
19.8 45 150 
19.8 173 
19.8 196 
19.8 145 


differences in the rate of growth between these rats and their diet con- 
trols were noticed as were found in series 1, except for one case. The 
young from mother 22 grew more slowly than the others in the group, 
although it was the heaviest when the litters were weaned. It grew at 
the same rate as its diet control, and developed the same degree of rick- 
ets. Examination showed that it was from a sixth litter, and that the 


5 
51 F 20 107 107 104 115} 
52 M 20 110 92 172 198 
53 M 21 118 87 156 181 |++4++4+)/ — - 
54M 22 71 55 113 128} +++ /+ ++ 
55 M 23 141 137 165 175 | +++] - - 
56M 23 19.8 | 166 166 196 196; ++ |- ++ 
57M 23 19.8 | 160 156 184 196}; ++ | - 
58 F 23 19.8 | 106 102 165 +4++/-/;-|- 

183 F 20 ++4+4+ 

184 F 20 +++ 

185 M 21 +++ 

186 M 22 +4+4++4+ 

187 F 23 +++ 

188 F 23 +++ 

189 M 23 +++ 

190 M 23 +4++ 

191M 23 +++ 
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mother’s diet had been slightly low in vitamine D for the preceding 
litters. This factor exaggerated its response to the gloomy weather 
which prevailed when its sixth litter was born; and it made the young 
less resistant to the effects of a deficiency of vitamine D than is the case 
with the average young born under the same conditions. (See table 2.) 

In every case, except that of the low-resistance rat of mother 22, the 
growth-curves of the inoculated rats were higher than those of the diet 
controls. ‘They lived for a longer time, and, as a rule, did not develop 
as marked signs of rickets. 

Three out of the eight rats showed evidence of tuberculosis in the local 
lesion and in the lymph nodes. ‘Two showed well-defined lesions in the 
lungs, evident even upon gross examination. In one case the smear 
from the lungs was positive, and the finding was confirmed by the sections. 
In one case the sections were positive, while the smear was negative. 
One of the positive cases was from the low-resistance rat of mother 22, 
and one was from the heaviest rat in the series. This rat had a compara- 
tively light case of rickets. In both cases the tuberculosis was of a 
chronic type. 

In the diet-control group the growth-curves of the rats were almost 
identical with those of series 1 that were deficient in vitamine D. They 
died from 4 to 6 months after weaning with about the same degree of 
rickets as these vitamine-deficient rats showed. 


Group 2: Inoculated in December and Kept in Well-Lighted Cages: In 
group 2 the growth-curves of the inoculated rats were higher than those 
of the diet controls, except for the young of mother 24. In this litter 
two of the three inoculated rats grew more slowly than their controls. 
The rats were killed three months after inoculation, before they had be- 
gun to lose weight. At autopsy it was found that every rat had devel- 
oped rachitic lesions in the ribs, very slight in six cases, and more marked 
in the two that grew more slowly than their controls. (See table 3.) 

In this group, 5 of the 8 rats showed evidence of tuberculosis in the 
local lesion, and 4 in the lymph nodes. The smears from the lungs were 
negative in every case. The sections were positive in four cases, and in 
every case the tuberculosis was very mild and diffuse in type, with gross 
lesions in the lungs that were plainly tuberculous. 

In the diet-control group the rats developed unmistakable signs 
of rickets. The costochondral junctions were swollen, and in two cases 
the ribs were bent slightly at these points. 
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Group 3: Inoculated in March and Kept in Well-Lighied Cages: In this 
group the growth-curves of the inoculated rats fell below those of the 
diet controls in 11 out of 14 cases. One rat was lost, 8 died from 2 to 
3.5 months after inoculation, and 5 were living at the termination of the 


experiment. 


TABLE 3 
Group 2: Series 2 
Showing the effect of a gloomy winter and a deficiency of vitamine D in the diet upon tuber- 
culosis. Cereal diet with bonemeal given to mother rat and young. Inoculated December 21 
and 24. Killed March 20. 


TUBERCULOSIS 
NUMBER WEIGHT IN LUNGS 


At maximum 
Bacteriological 
Pathological 


| Of litter 
1 


Diet Controls 


192 M 86 115 
193 F : 85 85 115 
194 F : Died at 57 days 

195 F : 76 76 101 
196 F 77 77 108 
197 M 57 57 101 
198 F 66 66 108 


In 13 out of 14 cases the growth-curves were lower than any in groups 
1 and 2, except for the low-resistance young of group 1. There was al- 
most no comparison between these rats and the normal young of series 
1, except for one that grew more rapidly than the rest in the group. 
Five in this group developed severe rickets with slight spinal curvatures. 
(See table 4.) 


> 
3 138 
59 F 24 
60 F 24 
61M 24 
62 F 25 
63 F 25 
64M 26 
65 M 26 
66 F 26 
115 
115 ++ 
108 ++ 
108 
108 | +++ 
108 | +++ 
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Nine out of the 11 rats examined for tuberculosis showed evidences 
of tuberculosis in the local lesion, and 7 in the lymph nodes. The smears 
from the lungs were positive in two cases, and in one the finding was 
confirmed by the sections. This rat died 64 days after inoculation with 
severe rickets. The tuberculosis was of a diffuse type, with gross lesions 


TABLE 4 
Group 3: Series 2 
Showing the effect of a gloomy winter and a deficiency of vitamine D in the diet upon tuber- 
culosis. Cereal diet with bonemeal given to both mothers and young. Inoculated March 7. 
Controls killed June 12. 


At 21st day 

At maximum 
At maximum 
Pathological 


48 
42 
79 
37 
72 
70 
42 
43 
46 
70 
113 


23 At death 


++ 11 141-1 1 +1 | Bacteriological 


8 
s 
8 
8 
8 
3 
7 
7 
7 
3 
3 


Re 


bd 


Diet Controls 


199 F 25.2 87 123 123 
200 F 25.2 123 123 
201 F 40 122 122 
202 F 25.2 123 123 
203 F 25.2 123 123 
204 M 381 121 121 


in the lungs, and was typical for the description given in Study I. In 
three the sections were positive, although the smears were negative. 
These rats were among the heaviest in the group, and had comparatively 
slight signs of rickets. They were killed 97 days after inoculation, and 
before they had time to lose in weight. In all three the tuberculosis 


NUMBER WEIGHT AGE ee 
4 
ro) ro) 
73M 30 
74M 30 
75F 30 
76 F 30 
77M 30 
80 F 31 
82 M 32 
84M 32 
85 M 32 
86 F 33 
87 F 33 
++ 
+++ 

++ 

++ 

++ 


652 AGNES H. GRANT, J. A. BOWEN AND D. E. STEGEMAN 


was of a chronic type, with gross lesions in the lungs that were distinctly 
tuberculous. 

In this chronic type of tuberculosis one or more lobes of the lung may 
be involved, but seldom the entire lung. The tips of the lobes are most 
frequently involved. They are shriveled, hard, nodular and circum- 
scribed. The cut-surface is hard and dry. Microscopically, these 
lesions vary from the discrete walled-off cell-nest to the diffuse scattering 
endothelial and connective-tissue cells. 

For the most part, however, the endothelials are clustered together 
into definite nests, but these collections are not so clearly walled off by 
round cells as in the chronic form of lesion, to be described in Study ITI, 
the form most nearly resembling human tuberculosis. They are more 
often separated from one another by more or less normal air-containing 
tissue. Apparently this form represents the process in which the infec- 
tion, although great, is more or less at a standstill. 

In the diet-control group the growth-curves followed the curves of 
groups 1 and 2 very closely. All the rats lived until the termination of 
the experiment, and were killed before they had begun to lose weight. 
Every one developed signs of rickets at the costochondral junctions. 
Several had knobs on the ribs, and in one the rickets was marked. 


DISCUSSION 


In chronic tuberculosis of rats, as in the adult human types, the bacilli 
may not always be found in the bronchial secretions. Early in the proc- 
ess, when the infection is in an acute stage, and the type of lesion is the 
diffuse one, many cells containing bacilli may be found in the dried 
smears; or, indeed, the bacilli may be free. But when the process is not 
acute this is less apt to be true, because the lesion is rapidly walled off, 
secretions and reaction are cut down to a minimum, and the bacilli are 
few or entirely absent in the smears. 

A study of the low-vitamine diets in our problem shows that the 
amount of tuberculosis, which develops in young rats, depends upon their 
inherited vitamine reserves, or upon their susceptibility when weaned, 
more than upon the severity of the rickets which sets in after weaning. 
The amount of rickets on low-vitamine diets is affected by the rate of 
growth of the rats. This rate of growth seems to be stimulated by the 
presence of the tubercle bacilli, since in our studies the young with evi- 
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dence of tuberculosis in the lungs often grew more rapidly than those 
that were free from the disease. We find also that this more rapid 
growth retards the development of rickets. In both series 1 and 2 
many of the positive cases of tuberculosis were found in the larger rats, 
which had the lightest cases of rickets. In every case the growth of the 
controls showed that these rats were deficient in vitamine D. 

The resistance to tuberculosis was decreased to such an extent by the 
combination of long-continued gloomy weather and the advance of 
winter, that both the growth of the young and the readiness with which 
they developed rickets were affected. In other studies (3) we found that 
second-generation rats on deficient diets were more susceptible to rickets 
in February and March than had been the case with this type of rat in 
October. They were so susceptible that they developed a severe rickets 
that was identical with the low-calcium, low-vitamine type. 

We found that the combination of tuberculosis and a deficiency of 
vitamine D seemed to make rats almost as sensitive to rickets as the 
prolonged vitamine deficiency of second-generation rats on vitamine- 
deficient diets. The need for vitamine D was increased until the in- 
fected rats were very much more susceptible to a deficiency of this factor 
than their noninfected controls. 

The three cases of tuberculosis that developed in spite of codliver oil 
in the mother’s diet suggest that there must be some other factors than 
an abundance of vitamine D and calcium in the diet concerned in in- 
creasing bodily resistance to tuberculosis. As this phase in the treatment 
of tuberculosis forms the basis for further research (Studies III and IV) 
no conclusions were drawn from these three cases. 


CONCLUSIONS 


1. Decreasing the vitamine D of the diet sufficiently decreases the 
resistance of white rats to tuberculosis, from a high immunity to a sus- 
ceptibility to subcutaneous injections of a virulent strain of bovine 
bacilli. 

2. Gloomy winter weather, as it influences the amount and nature of 
sunlight, forces young rats to obtain a larger part of their supply of vita- 
mine D from the diet. If the vitamine-D content of the diet is low, rick- 
ets is intensified and the susceptibility to tuberculosis is increased. 
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BILATERAL PNEUMOTHORAX}? 


THOMAS J. KINSELLA anv P. M. MATTILL 


Any intelligent consideration of bilateral pneumothorax requires, first, 
a clear separation of the spontaneous from the artificially induced cases, 
and, further, a recognition of the consecutive (alternating or successive) 
type, in which the collapse comes first on one side and then on the other, 
and of the simultaneous type, in which both lungs are partially collapsed 
at the same time. An incomplete review of the literature serves to em- 
phasize the importance of making such a distinction. 


BILATERAL SPONTANEOUS PNEUMOTHORAX 


Spontaneous bilateral pneumothorax is not of common occurrence, 
though a number of such reports are to be found. Instances of the con- 
secutive type, such as reported by Hamman, Meyer, Staehlin, Hawes and 
others, are perhaps more frequent. In the simultaneous type, according 
to the recorded cases the second spontaneous collapse has occurred at 
some interval following the primary one, but before the first lung had 
completely expanded. The cases of Marshak, Gray, Kremer, Hammond 
and Scott, Emerson and Beeler, and others illustrate this type. 

As an intermediate type between these and the therapeutic variety 
there should perhaps be included here those rare cases in which, during 
unilateral artificial pneumothorax, gas enters the opposite pleural cavity 
through a mechanical tear or congenital defect of the pleural covering of 
the mediastinal septum, giving a bilateral collapse. McCallum, Walsh, 
and others have recorded such instances. 


BILATERAL INDUCED PNEUMOTHORAX 


Consecutive (Alternating or Successive) Type 


Much of the earlier work on bilateral collapse therapy seems to have 
been concerned with the consecutive type. Forlanini, in 1911, reported 
two cases of successive collapse, the original pneumothorax having been 

1From the Glen Lake Sanatorium, Oak Terrace, Minnesota. 


® Presented before the Clinical Section at the twenty-third annual meeting of the National 
Tuberculosis Association, Indianapolis, Indiana, May 26, 1927. 
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discontinued and the contralateral lung collapsed because of recently 
developed lesions. In 1921 Saugman reported 7 cases so treated, with 
but one good result. Later in the same year Burnand cited one case, and 
reviewed Forlanini’s work, concluding that the procedure was not suitable 
except in unusual circumstances, that it interfered with breathing, and 
that the patients did not survive long. Rich, in 1923, published satis- 
factory results in three cases. Unverricht and Brunner, in 1924-1925, 
reported cases attempted on patients who had previously had an exairesis 
of the phrenic nerve with their original pneumothorax, but they found 
that dyspnoea prevented a successful continuation of the procedure. 
For this reason they disapproved of interruption of the phrenic nerve as 
a routine measure with pneumothorax. 

In 1926 Rist and Chabaud reported 20 cases so treated, with good 
results in six, no change in five and subsequent death in seven. They 
state that the procedure requires great care, that the spread of the disease 
must be discovered early, that gas may be aspirated from the original 
side to hasten its expansion, and that, if necessary, the second side may 
be started before the air in the first has been entirely absorbed. How- 
ever, Rist’s own figures indicate that the field for such treatment must 


be small, as 69 per cent of his patients who developed extension into the 
opposite lung did so within one year and 84 per cent within two years; 
periods which are too short to ensure efficient healing of the collapsed 
lung if it was badly diseased originally. 


Simultaneous Type 


Simultaneous bilateral artificial pneumothorax embraces those cases 
in which a partial collapse of both lungs is maintained at the same time, 
even though one side was instituted before the other. A few of the re- 
perted cases which strictly fall into this group are really, according to the 
operator’s intent, examples of the consecutive type, in which, after the 
primary pneumothorax had been abandoned, gas was introduced into the 
opposite pleural cavity before the first lung had entirely expanded. 
The two cases recorded by Ameuille and a few by Rist illustrate this. 

In 1914 Liverato cited numerous instances of benefit from bilateral 
pneumothorax, even when the lungs were compressed very slightly. He 
believed that the mechanism was an interruption of the lymph-flow from 
lung to parietal pleura and a damming up of lymph with its toxic material 
in the lung, thus keeping it out of the blood-stream. Abbott reported 
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his experiences with 16 cases in 1920, holding it to be a safe procedure 
without distress if certain rules are followed, and that relief and benefit 
have attended its use. Gray, in the discussion, opposed its use, holding 
that to be of value a lung must be collapsed to the limit, that the lung in 
part cannot be controlled, and that it takes months and even years to 
produce a satisfactory collapse. 

In 1917 Riviere mentioned the use of double simultaneous collapse, 
and quoted Fagiuoli as employing it in five of twelve cases with notable 
improvement in three, stating that he “‘introduced 100-150 cc. of nitrogen 
at longish intervals, the pressure of necessity being kept below atmos- 
pheric.”” From our experience, we rather wonder how he kept a free 
pleural space with such small amounts of gas at infrequent intervals. 
Riviere also mentioned Morelli as objecting to this form of treatment, on 
the ground that the normal tissue would collapse first; and he cited Parry 
Morgan as supporting the views of Fagiuoli, in that it might be of benefit 
because of the increased tension along the axis of the diseased areas, 
which would favor the collection of gas over them first, and consequently 
put them at rest. Thus, prior to 1917, we find mention of a so called 
selective collapse. 

In 1922 there appeared the reports of Barlow and Kremer and Barlow 
and Thompson on selective collapse and small localized pneumothorax, 
in which they discussed the effects of small-pneumothorax collapse on 
diseased areas of the lung and laid down certain general rules for a bi- 
lateral procedure. Geer, in 1923, made a preliminary report of his 
experience with simultaneous artificial collapse. Bezangon and Jacque- 
lin, in 1924, reported three cases, and advised simultaneous bilateral 
collapse in acute bronchopneumonic forms of tuberculosis in young 
patients, considering that the early development of extensive lesions in 
the contralateral lung was also an indication. They felt that bilateral 
partial collapse offered the best prospects in acute bronchopneumonic 
conditions, but that in subacute ulcerocaseous forms with cavitation 
more collapse was necessary. They found that bilateral pneumothorax, 
when slowly established and progressively increased, was well tolerated, 
even in the presence of heart lesions. They quoted physiologists as 
stating that it was possible to survive after the suppression of all but one- 
eleventh of the total lung volume. They also noted the profound effects 
of small amounts of air on recent pulmonary disease. Forlanini, in 1925, 
and Tobe and Terrasse, in 1926, reported a small experience with simul- 
taneous bilateral collapse. 
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In 1923 Friedland published his experimental results on the patho- 
logical physiology of bilateral pneumothorax, concluding with the state- 
ment that his experience should increase the courage of surgeons in per- 
forming bilateral pneumothorax and single-stage bilateral operations for 
empyema. In dogs with bilateral pneumothorax the hourly quantity of 
air fluctuated within normal limits, and the percentage of carbon dioxide 
and oxygen were generally lowered. The quantity of respired air and 
exchange of gases per hour reached normal because of an increased re- 
spiratory rate, while the blood-pressure was raised somewhat and subse- 
quently either remained so or returned to normal. The results were the 
same in closed and slightly open pneumothorax. 


The material utilized in this report, a total of 28 cases, represents the 
collected experience of the resident staff at Glen Lake Sanatorium since 
the first simultaneous bilateral pneumothorax was undertaken on July 12, 
1922. Others have been attempted, but a bilateral collapse has not been 
obtained because of the absence of a free pleural space. Twenty-two 
women and 6 men were so treated. A part of this disproportion between 
the sexes may be explained by the greater number of women patients in 
the institution, namely, 349 as compared with 255 men, and by the ratio 
of 2.77 to 1 in the current series, 61 being females and 22 males. 

The diagnosis in 14 patients on admission was moderately advanced 
and in 14 far advanced tuberculosis. Prognosis upon admission was 
questionable or unfavorable in 14 and favorable in 14. All patients, 
save 3, were 30 years of age or less, the oldest being 37 and the youngest 
16 at the time the bilateral collapse was accomplished. The 5-year 
groups are about evenly divided: 16 to 20, eight cases; 21 to 25, seven 
cases; 26 to 30, ten cases; 30+, three cases. Pneumothorax was induced 
first on the left side in 21 cases and on the right in 7. 

The interval which elapsed between the induction of the first pneumo- 
thorax and the second has varied widely, from a minimum of two days to 
a maximum of thirty-one months. In 13 cases the second side was started 
within two months, in 4 others within six months, in 5 within one year, 
in 4 within two years; and in one a period of two years and seven months 
had elapsed before a bilateral pneumothorax became necessary. 


INDICATIONS FOR SIMULTANEOUS BILATERAL PNEUMOTHORAX 


1: Extension or Reactivation of Disease in the Relatively Good Contra- 
Lateral Lung: This was the indication for bilateral pneumothorax in 18 of 
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the 28 patients. The procedure, we feel, is more satisfactory, and offers 
the patient a better chance of recovery, than the commonly applied prac- 
tice of discontinuing the original pneumothorax or allowing the collapsed 
lung to partially expand, pending the outcome of the new trouble. 
According to Rist, the development of contralateral lesions is the most 
frequent serious complication of artificial pneumothorax, being respon- 
sible for 75 per cent of deaths in such cases. This complication arose in 
278 (36.6 per cent) of his 759 cases, and of these 179 died, constituting 
75 per cent of his total deaths. We feel that the judicious use of bilateral 
simultaneous pneumothorax in such a group offers considerably more 
than the present methods and might reduce this percentage materially. 
With bilateral pneumothorax available to control any considerable 
contralateral extension which might occur, the field of unilateral pneumo- 
thorax becomes automatically enlarged, and certain patients with acute 
unilateral lesions or with questionable lesions on the opposite side, 
formerly held under observation for a varying length of time pending 
improvement or progression, may be given the benefit of collapse therapy 
earlier, with the understanding that extension in the opposite side calls 
for bilateral compression. 

2: Haemoptysis: This event constituted the second most important 
demand for bilateral collapse. In the four patients so treated the 
haemorrhage was not controlled by increasing the original collapse, and 
some doubt existed as to its source. In one instance, with the first lung 
only partially collapsed, and adhesions preventing further compression, 
and all signs pointing to this lung as the source of the bleeding, the 
haemorrhage ceased promptly, following the induction of pneumothorax 
on the opposite side. 

3: Relief of Extensive Bilateral Disease: Undertaken as a primary plan 
for extensive bilateral disease, bilateral pneumothorax was successfully 
induced in five instances. The chances for success in such cases are con- 
siderably less than when it is undertaken as a secondary measure, for, as 
a rule, the disease is of longer standing and there thus exists an increased 
likelihood of obliteration of the pleural space. Such a procedure was 
undertaken with the understanding that if both sides could not be com- 
pressed, no further action would be taken. For this reason the more 
advanced side was usually attempted first, though the reverse was done 
in one instance because of the very active condition of the side with the 
lesser involvement. Several other patients of this type have been tried 
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without success in obtaining a bilateral collapse. In some of these 
patients with evident new and active disease opposite the original col- 
lapse, the second side has been started in from two to four weeks after the 
first, as we purposely disregarded Barlow’s minimum time-limit of six 
weeks, in order to avoid the chance of an extension of disease. In these 
instances, however, the patients were in no distress from the first pneumo- 
thorax, and the second was accomplished without accident. Certain 
patients, with bilateral disease confined to the upper lobes, could un- 
doubtedly be helped by this type of procedure. Terminal patients and 
those who have lost their resistance to tuberculosis should not be chosen 
for this method of treatment. Good results cannot be expected if it is 
used as a last resort, in order merely to do something for the rapidly fail- 
ing patient. 

4: Mistaken Opinion as to Most-Affected Side: In one instance, the 
contralateral lung was collapsed to control persistent symptoms, at first 
thought to be due to the original side, but which were not benefited by 
the primary collapse. 


EFFECTS OF BILATERAL COLLAPSE 


Simultaneous bilateral pneumothorax in our experience has not been 
attended by any distress or discomfort to the patient, except for the in- 
convenience of the relatively frequent punctures for the introduction of 
air. Local anaesthesia was used, as it is in all our pneumothorax work. 
Slight discomfort, tightness or shortness of breath has been encountered 
a few times, but in only four instances has it been necessary to remove air 
to relieve the patient. The rapid formation of a clear effusion, following 
an acute pleurisy, caused considerable discomfort to one patient and 
necessitated three aspirations in as many days in order to avoid distress. 

Patients, even with the extensive collapse shown in our plates, have 
not shown a rise of respiratory rate, the average for the group now under 
treatment being 23 per minute, as compared with 22 per minute as the 
average for 100 patients on one service over the same period. The only 
rate above 24, that of a young girl mentioned above, with a moderate 
effusion in the left chest and a respiration of 30, was found in a patient 
who has been short of breath since childhood. Before the induction of 
bilateral pneumothorax she had a respiratory rate above her present one, 
probably toxic in origin, and obtained considerable relief from this follow- 
ing collapse therapy. The pleural effusion raised her previous rate to 30. 
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She is not conscious of any dyspnoea when in bed. From fluoroscopic 
observation and the manometric oscillations one notes that in the chest 
free from adhesions, even though the respiratory rate is not increased, the 
amplitude of respiration apparently is enlarged, and that increased dia- 
phragmatic motion seems to account for this. 

The rate of the absorption of air from the pleural cavity in these pa- 
tients seems to be extremely variable, so much so that one cannot with 
any assurance follow the extent of collapse or hold it constant by inject- 
ing certain amounts of air at given intervals. The daily absorption 
factor for the group has varied from 5 to 67 cc. of air, not being the same 
for any two patients nor in the two sides in the same patient, and even 
changing from time to time in the same pleural cavity. It has seemed to 
be somewhat roughly proportional to the freedom of the pleural cavity in 
question. With one exception the absorption of air from the original 
side became less following the induction of bilateral collapse. Fluro- 
scopic and roentgenographic control at frequent intervals, even once or 
twice per week, is absolutely essential in order to maintain an even com- 
pression. Refills, once to twice a week on each side, may be necessary. 
The fluroscopic appearance often determines the amount to be given, and 
the frequency of refills rather than the previous record. The above re- 
quirements make institutional management of these cases a prime requi- 
site, at least until a time when the patient becomes ambulatory, which 
is only after many months of treatment, as all the patients are sickand 
need strict bed-rest. 

Vital capacity, although materially reduced, is not decreased as much 
as one would expect from viewing the chest plates. The vital capacities 
of the current group range from 1,000 to 1,600 cc., with an average of 
1,200 cc. The range is from 27 per cent to 53 per cent of the theoretical 
normal, with an average of 39.4 per cent as calculated from Myers’s tables 
for (a) surface area, (b) sitting height, (c) actual weight and (d) ideal 
weight (table 2). To date we have not found it necessary to carry any 
patient to Rist’s minimum of 20 per cent of vital capacity. 

Cyanosis, clubbing of the fingers, etc., have not resulted in any of the 
patients. Clubbed fingers and watch-crystal nails are present in one 
patient, but they existed before the induction of the pneumothorax. 

All the patients in this series had positive sputum prior to the induction 
of pneumothorax. Of these 28 patients we consider that 17 have ob- 
tained a more or less satisfactory collapse and have derived some benefit 
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from the treatment. Five received a fair degree of collapse but no bene- 
fit, and six, although free space was found, did not obtain collapse of 
sufficient degree to be of value. Among the 17 who derived some benefit 
from the treatment, 10 have lost their positive sputum, 3 after the prim- 
ary and 7 after the secondary collapse, the majority by ceasing to expecto- 
rate. Four have only an occasional positive scattered through many 
negative reports, and one of these has a positive only by the use of con- 
centration methods. Three of this benefited group did not arrive at 
negative sputum on account of uncollapsed cavities. One of these has 
become negative since an extrapleural thoracoplasty. 

Cavities were collapsed in eight and uncollapsed in three of the bene- 
fited group. Secondary tuberculous foci were present in 15 of the 17 


TABLE 2 


PER CENT OF NORMAL 
AVERAGE 


RESPIRATIONS 
FOR 7 DAYS 


VITAL 
CAPACITY 


1147 24 
1411 
2151 30 
1338 24 
1769 22 
1986 22 
1314 20 
2175 18 


Average 23 


patients. These included tuberculous laryngitis, 3; renal tuberculosis, 
1; tuberculous perirectal abscess, 1; and secondary tuberculosis of in- 
testinal tract, 12; while multiple extrapulmonary tuberculous lesions were 
present in 3 patients. From this group, the intestinal lesions improved 
in 10 and are progressive in 2, the laryngeal lesions have healed in 2 and 
are greatly improved in the third, the abscess has been operated upon and 
is now healed, and the renal lesion is at present quiescent. 


COMPLICATIONS 


The complications encountered in the complete series have been the 
same as those met with in unilateral collapse therapy. These are as 
follows: 


} 

NUMBER 

1300 38 47 46 46 
1000 33 34 33 
1200 32 44 40 37 
1000 27 32 38 28 

| 1000 33 38 35 33 
1600 45 55 53 53 
1300 47 46 47 44 

| 1200 36 35 36 37 

1200 


BILATERAL PNEUMOTHORAX 665 


1: Clear effusions ensued in 17 patients, being small in 7, moderate in 
5, and large in 5. Bilateral small simultaneous effusions occurred in 2 
patients, causing no trouble in 1 and developing just prior to death in a 
terminal case. Bilateral, alternating, large clear effusions occurred in 
one patient following acute pleurisy, the first being absorbed a short time 
before the second developed. This patient’s improvement and gain in 
weight date from the onset of the first effusion. None of the patients at 
present under treatment has any free pleural fluid. 

2: Tuberculous empyema occurred in 2 patients. One of these has be- 
come clear after aspirations, formalin-glycerine injections and irrigations 
with normal salt solution. The other patient died after 16 months with 
the empyema as a contributory factor. 

3: Accidental pneumothorax, from puncture of the lung and a subse- 
quent leakage of air into the pleural cavity and extensive collapse of the 
lung, was seen twice and possibly a third time. This occurred at the 
first or at least the first few times of injecting air and did no harm aside 
from causing dyspnoea for a time. Extreme care should be taken to 
avoid injury to the lung in attempting the second collapse. Ordinarily, 
no bad effects should follow, but the condition might prove serious if an 
extensive collapse of the primary lung were present when the second was 
undertaken. For this reason the second collapse can be accomplished 
with greater safety if a fair portion of the first lung is still functioning. 

4: Spontaneous pneumothorax occurred in 2 patients. In one the least 
involved lung collapsed, giving rise to marked dyspnoea. Following the 
aspiration of air to relieve the patient, the lung expanded, no fluid formed, 
and no infection resulted. Artificial pneumothorax was discontinued, 
and an extrapleural thoracoplasty was performed on the opposite side to 
close up a large uncollapsed cavity. The side upon which the spontane- 
ous collapse occurred has remained quiescent for 21 months following the 
operation, in spite of two gas anaesthesias for intercurrent surgical pro- 
cedures. The second spontaneous collapse occurred in a terminal case, 
and death ensued in a few days before an empyema could form. 

5: Mediastinal hernia was noted in two patients, occurring from left to 
right with low pressures during the primary collapse in both. In one, 
the hernia was again seen bulging, this time from right to left during the 
bilateral compression. 

Ten patients of this series were continued on bilateral collapse for four 
months or less. Of these nine derived no benefit, either because of un- 
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satisfactory collapse or because of progression of the local and extrapul- 
In the last of the ten, a recent undertaking, a very 


monary disease. 


TABLE 3 


COMPLICATIONS 


Before 
first 


+444 44+ 4+ +| 


i +444 


+41 


+++ 


Enteritis 


+++ 1 


foottteec 


+ 


0 
0 
0 


ote 


+ Improved 


+ Improved 
None 
+ Improved 


+-+ Improved 


+ Improved 
+ Improved 


+ Progressive 
None 
None 
None 


+ Improved 
+-+ Progressive 
+ Improved 

+ Improved 
+(?) Improved 


+ Progressive 


None 
None 


++-+ Progres- 


sive 


Laryngitis 

Tuberculosis of 
kidney 

Mediastinal 
hernia 


Mediastinal 
hernia 


Empyema 
Laryngitis 
Laryngitis 


Perirectal abscess 


Laryngitis 


Spontaneous 


Empyema 


Accidental 


Uncollapsed 
cavity 


Accidental 


Losing weight 
Accidental 


Spontaneous 
Losing weight 


Discharged 

Discontinued 
Discontinued 
Discontinued 


First side lost 
No benefit 
No benefit 
No benefit 


Bronchial 
fistula 
No benefit 
No benefit 
No benefit 
No benefit 


severe haemorrhage has been controlled. Eight patients have been 
carried on bilateral pneumothorax for twelve to fifteen months, three for 
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eighteen months, one for two years and one for nearly three years. One 
patient, the best result of the series, was continued for twenty-three 
months in the institution; and at present, twelve months after her dis- 
charge, is still persisting in her bilateral pneumothorax and is in very 
good condition and working. Eight patients have discontinued their 
bilateral pneumothorax after periods ranging from six weeks to fourteen 
months. One has subsequently had an extrapleural thoracoplasty and 
obtained a good result, her contralateral lung having remained quiescent 
for twenty-two months. In two patients the collapse has been lost on 
one side, due to progressive adhesive pleuritis. In two other patients 
one side was discontinued after eight to twelve months in order to con- 
centrate on the opposite side. The discontinued side has remained well 
under exercise in both of them. Three others have been terminated on 
both sides after one and a half, three and four months respectively, be- 
cause of no benefit from the treatment. 

Nine of the 28 patients have died. Six deaths occurred within four 
months after bilateral pneumothorax was undertaken, three of the 
patients having had an unsatisfactory collapse and three a fairly complete 
pneumthorax without control of the extensive disease present. One 
patient, who continued pneumothorax for eight months, died two months 
later, the disease having been uncontrolled by the treatment, although 
the extent of collapse was quite great. One patient, under treatment for 
twenty-one months, developed tuberculous empyema, which persisted 
for sixteen months prior to death. One patient, who lost her primary 
collapse after thirteen and a half months, continued her second collapse 
with good results until leaving the sanatorium against advice, when she 
discontinued pneumothorax entirely and has since died. 


SUMMARY AND CONCLUSIONS 


From the records of 28 patients treated by simultaneous bilateral 
partial pneumothorax, here reviewed, the following conclusions may be 
drawn: The procedure is safe if reasonable care is exercised. It is not 
attended by discomfort to the patient. The operator should be experi- 
enced in the administration of pneumothorax, and able to carry a lung at 
any desired degree of collapse for a long period of time. Institutional 
care, with strict bed-rest and frequent fluoroscopic and roentgenographic 
control, is essential. Frequent refills are usually necessary to maintain 
an even compression, the lung being held at the best position to control 
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the disease rather than at any preconceived position. Refills should not 
be done on both sides on the same day. Dyspnoea was not encountered 
except with the formation of fluid, or on rare occasions when the most 
favorable position of collapse was passed. An average vital capacity of 
1,200 cc., or an average of 39 per cent of the theoretical normal, was found | 
in the current series. Respiratory rates were not increased. The ab- 
sorption of air from the pleural cavities of these patients is extremely 
variable. Results from the primary use of bilateral pneumothorax have 
seemed less favorable than when used as a secondary measure. The re- 
sults to date are encouraging and, we believe, justify its use in a larger 


number of patients. 
We are unprepared to state how long bilateral compression should be 


continued, but feel that, as it is entirely compatible with performing 
useful work, it may be carried on indefinitely. The type and character 
of the lesion in each lung should be the deciding factor, as is the case in 
unilateral compression. The ultimate outcome in some of these patients 
remains, of course, problematical; we know that they have been definitely 
benefited symptomatically, and that they are now alive and comfortable 
many months beyond their expected time had they been allowed to go on 
without interference. 
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THOMAS J. KINSELLA AND P. M. MATTILL 


PLATE 1 


Case 1986: FemaLe; AGE 16; DurRATION oF DISEASE, 6 MONTHS 
Fig. 1. June 15, 1925. Roentgenograph on admission. Pneumonic involvement of 


left lung. 
Fig. 3. October 22, 1925. Left pneumothorax; mediastinum displaced. Mediastinal 


hernia indicated by arrow. Pressure in left side, 0, +3. 
Fig. 2. April 28, 1926. Extension in right apex; recurrence of symptoms. 
Fig. 4. November 15, 1926. Bilateral pneumothorax with mediastinal hernia from 


right to left. 
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THOMAS J. KINSELLA AND P. M. MATTILL 


PLATE 2 


CaAsE 2151: FEMALE; AGE 16; DuRATION oF DISEASE ABOUT ONE YEAR 
Fig. 1. No film available. There was a cavity in the left apex. 
Fig. 2. October 17, 1923. Roentgenograph on admission. Left-sided pneumothorax 
induced outside the Sanatorium, March, 1923. 
Fig. 3. September 18, 1925. Extension in right upper lobe with cavity-formation. 


Fig. 4. April 13, 1926. Bilateral pneumothorax. 

Fig. 5. June 16, 1926. Right pleural effusion; mediastinal hernia, right to left. 

Fig. 6. November 1, 1926. Right effusion absorbed, with partial loss of collapse; large 
left pleural effusion, which has subsequently absorbed, without loss of collapse. 
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THOMAS J. KINSELLA AND P. M. MATTILL 


PLATE 3 


CasE 2175: FEMALE; AGE 23; DuRATION OF DISEASE, 2 YEARS 
Fig. 1. December 18, 1923. Original film, two years prior to admission to Sanatorium. 
Fig. 2. October 14, 1925. Roentgenograph on admission. Extension on left, with pleural 
effusion. 
Fig. 3. January 4, 1926. Left-sided pneumothorax; parenchymal extension above third 
rib on right side. 
Fig. 4. June 25, 1926. Bilateral pneumothorax; tuberculous empyema on the left. 


Fig. 5. March 1, 1927. Bilateral pneumothorax continued; a tuberculous empyema 
has been replaced by a clear effusion, 


7 
674 
| 
th 
if 
j 
te 


\0 [4 26 
1 4 26 
6 26 26 
i 4 a 
7 
af 
\ 
\ 
3/ 27 
i 
675 
: 


THOMAS J. KINSELLA AND P. M. MATTILL 


PLATE 4 


CasE 1098: FEMALE; AGE 24; DuRATION oF DISEASE, 10 YEARS 

Fig. 1. On admission. Tuberculosis of left lung, with cavity at apex. Recent paren- 
chymal extension on right. 

Fic. 2. March 15, 1924. Right pneumothorax of primary bilateral. 

Fic. 3. April 7, 1924. Bilateral pneumothorax. Cavity on left uncollapsed. 

Fic. 4. June 23, 1925. Right lung expanded following a right spontaneous pneumo- 
thorax. Left side discontinued because cavity was not collapsed and symptoms were not 
controlled. 

Fic. 5. April 8, 1927. Present status 21 months following left thoracoplasty. Right 
side unchanged in spite of two gas anaesthesias for intercurrent surgical procedure. Cavity 


closed. Symptom-free. 
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THOMAS J. KINSELLA AND P. M. MATTILL 


PLATE 5 


CasE 1411: FEMALE; AGE 22; DURATION OF DISEASE, 6 MONTHS 
Fic. 1. May 16, 1924. Original lesion prior to admission, with cavity in right upper 
lobe. 
Fic. 2. August 4, 1924. Roentgenograph on admission. Right pnetmothorax insti- 
tuted outside of Sanatorium. Marked extension on left side. 
Fic. 3. August 11, 1924. Bilateral pneumothorax, with accidental collapse of left lung 


following first attempt to collapse left lung. 

Fic. 4. May 28, 1925. Bilateral pneumothorax. Cavity on right uncollapsed. 

Fic. 5. December 18, 1925. Increased collapse on right, with cavity closed and clear 
effusion in right pleural cavity. 

Fic. 6. June 22, 1926. On discharge. Ambulant, symptom-free, pleural effusion ab- 
sorbed. Patient is now at work. 
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PURULENT TUBERCULOUS EFFUSIONS IN ARTIFICIAL 
PNEUMOTHORAX! 


JOHN N. HAYES? 


Empyema, complicating artificial pneumothorax, is a most serious 
complication from the patient’s point of view, and one which causes the 
physician a great deal of worry... This paper is an analytical study of the 
32 cases which I have encountered over an interval of seven years in the 
practice of Dr. Lawrason Brown and myself. During the period to 
January 1, 1927, I have been able to induce some compression in 151 
patients with pulmonary tuberculosis, divided into stages as follows: 
minimal 1, moderately advanced 11, and far advanced 139. The 
empyema cases thus comprise 21 per cent of the total. Naveau (1) had 
no more than 20 per cent of his serous effusions become purulent in 534 
fibrocaseous compressed cases. Peters and Woolley (2) had 6 per cent 
purulent effusions in 142 patients. In 480 compressed cases, Matson, 
Matson and Bisaillon had 12 per cent of empyemata. 

In my cases, 21 were males and 11 females. Fourteen were on the 
right side and 18 on the left. In age they were distributed as follows: 

Under 20 years Between 40 and 50 years............ 1 


Between 20 and 30 years Between 50 and 60 years............ 1 
Between 30 and 40 years 


Duration of Pulmonary Tuberculosis before Artificial Pneumothorax Was 
Begun: As the intensity of the disease is often closely related to the age of 
the disease and as this is considered a factor in the incidence of empyema, 
I attach these figures in a table: 


Disease present Empyema cases Disease present Empyema cases 
Up to 6 months 5 25-36 months 5 

7-12 months 5 37-48 months 4 
13-18 months 7 49-60 months 2 
19-24 months 4 


Stage of Pulmonary Tuberculosis: All of the empyema cases occurred in 
the far-advanced stages, one in FA-A, 16in FA-B, and15in FA-C. Thus 
1 Presented before the Clinical Section at the twenty-third annual meeting of the National 


Tuberculosis Association, Indianapolis, Indiana, May 26, 1927. 
2 Saranac Lake, New York. 


680 


t 
| 
i 
i 
i 
i 


PURULENT EFFUSIONS IN ARTIFICIAL PNEUMOTHORAX 681 


23 per cent of the patients with far-advanced disease and artificial pneu- 
mothorax developed empyema. 
Compressed Lung: Analysis of the state of this lung follows: 


Fibrocaseous foci + cavity + ruptured lung + serous effusions.............. 2 
Fibrocaseous foci + cavity + consolidation. 3 
Fibrocaseous foci + bronchopneumonia (recent) + artificial pneumothorax 

Fibrocaseous foci + cavity + serous 2 
Caseous foci + cavity + ruptured lung + serous effusion................... 2 
Artificial pneumothorax (previous condition unknown)................++-+4 1 


It will thus be seen that I include in this series patients whose artificial 

compression was begun before I saw them and that in one case pus had 

already formed. There are also 4 cases of ruptured lung, commonly 

called spontaneous collapse, in which compression was continued. 
Uncompressed Lung: The degree of tuberculosis in these patients may 

be judged somewhat from the condition of the opposite lung: 


Pibrocaseous Fibrocaseous foci: cavity........... 
Caseous foci predominating. ....... 5  Jsolated 2 
Fibrous peribronchial foci.......... 1 


Percentage of Compression: Riviere in his book on artificial pneumo- 
thorax says that empyema is less likely to occur in cases with small 
pockets. In this series this is confirmed, as follows: 


Effect of Compression on Cavity: Rupture of the pulmonary cavity into 
the pneumothorax pocket is mentioned as a cause of some cases of 
empyema. In this series two patients did not have cavity-formation, 
and in three others I have no data on the question of the amount of com- 
pression of the cavity. In the others, the injected air exercised on the 
cavity no effect in 10, slight compression in eight, 50 to 95 per cent col- 
lapse in four, and total collapse in five. Of the four whose cavities were 
totally collapsed, three are living. Two others, at one time, had total 
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compression of their cavity, but with reéxpansion of the lung it reopened 
and both of these patients are living. In these two the reéxpansion and 
reopening of the cavity occurred after the empyema began. 

Effect of Compression on the General Condition: The general condition 
of these patients may be judged by the effect of the pneumothorax on the 
toxemia. Five patients were worse after pneumothorax was instituted, 
in three it had no effect, six had slight improvement, in ten there was good 
improvement at first but later this was lost, and in seven the marked 
change for the better was continuous. 

Serous Effusion as a Factor: Serous effusion bears a grave relation to 
empyema in artificial pneumothorax. In this series of 151 cases with 
compression, 93 had serous effusion and 32 had empyema, in one case 
serous effusion not having been recognized before the pus developed. Of 
the serous effusions, 83 occurred in the usual way, 6 occurred with rupture 
of the lung, 2 occurred before pneumothorax was begun, the compression 
by fluid being maintained afterward with air, and in one case bilateral 
pneumothorax was induced, with subsequent formation of fluid on each 
side, but months apart. The length of time which elapsed between the 
induction of pneumothorax and the onset of serous effusion is given in the 


following table: 


Never serous effusion 1(1) 1- 3 months 
Serous effusion with rupture 4- 6 months 
Serous effusion (before artificial 

pneumothorax) 8-22 months 
Less than one month 


It seems useful to analyze the time of onset of the purulent effusion in 
relation to the time which elapsed since the induction of compression and 
since the onset of serous effusion, as follows: 


INTERVAL Pom eee FROM SEROUS EFFUSION TO PUS 


Immediate 
2 weeks 
1- 2 months 
4 months 
8 months 
12 months 
13-18 months 
19-24 months 
25-36 months 
43 months 
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It will be seen that, within a year of beginning compression, 21 patients 
had purulent effusion and that, within one year after the onset of serous 
effusion in 26 cases, the fluid had become purulent. Jacot (4) classifies 
this relationship of serous to purulent effusion into four groups: 


1; Serous effusion occurring in a patient in good condition, with an initial 
fever which falls to normal, the fluid becoming turbid and, in three or four 
months, purulent with no tendency to absorb. Nine of my cases fall into 
this group. 

2: In a febrile compression patient in bad condition, the serous effusion starts 
as in group one; the fever falls, and the serous effusion only after two to seven 
months becomes purulent, when the fever rises and remains soto theend. In 
this group I have had 5 cases. 

3: No serous stage or only a short one. The onset is grave, with fever, and 
is probably due to rupture of a subpleural focus. In this group I have had 
9 cases. 

4: Pyopneumothorax due to perforation of lung. These patients usually die 
in two to ten months. I have had 7 cases in this group. 


It is very difficult to make each case fit into a group, and I am unable to 
analyze, under Jacot’s headings, three patients who had serous effusion 
before artificial pneumothorax was instituted. 

It has been held by some that we can avoid certain purulent effusions 
by aspirating the serous effusions frequently enough. In this series there 
were 67 aspirations of serous effusions during an aggregate duration of 
84 months, which amounts to three aspirations during three and one-half 
months of continuance of serous exudate per patient. The nature of on- 
set of the serous exudate influenced the time of an aspiration. The 
presence of fluid, later proved to be serous in character, was discovered at 
routine fluoroscopic examination twelve times; in seven of these the usual 
slight fever was not altered, and the temperature was normal in five 
cases. Four patients had the beginning of serous exudate, with rupture 
of the lung and with fever ranging from 102° to 105°. In all these the 
rupture preceded the use of artificial pneumothorax, and in one patient 
the fluid became purulent only after a second rupture two years after the 
first. Succussion alone gave the first indication of fluid in two patients 
without change in their usual temperature, and succussion after a cold, 
when the temperature was normal, in another. A sudden onset with 
chills, soreness or pain, and fever ranging from 101° to 104.4° occurred in 
9 patients. Serous effusion was the indication for inducing pneumotho- 
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rax in 2 patients with fever of 102°. The onset was with pain, succussion 
and 102° in one patient, and in another no serous stage seemed to occur. 
Aspirations were performed early in those cases in which the serous 
exudate came on with rupture of the lung and in those with sudden onset 
with chills and high fever. 

Purulent effusions were aspirated frequently in those patients with 
marked symptoms, and their withdrawal usually gave relief from fever 
and malaise. In patients, in whom pus gradually accumulated without 
any unusual symptoms, the aspirations were performed usually only when 
the fluid had reached 300 cc. or more. In others aspirations of fluid in 
small amount were undertaken when it was not accumulating after 
several months yet was showing no tendency to absorb. Altogether, in 
this series there were 318 aspirations in 238 months, or 10 per patient in 
7 months. There were removed 4005 cc. per patient or 390 cc. per as- 
piration. One patient had 54 aspirations of 25 litres of pus in 44 months. 
Unless a patient has a very large amount of fluid, it is rarely advisable to 
withdraw more than 200 cc. of fluid before injecting air to prevent a 
pressure which is too low on the negative side of the manometer. This 
prevents a severe “pulling” pain within the chest. 

Withdrawal of the needle that has been inserted into pus entails the 
possibility of infecting the chest-wall. I had 34 subcutaneous tubercu- 
lous abscesses in 15 patients, one having seven of them at various times. 
Occasionally one sees hard nodules which never break down to form pus; 
I had four of these in one patient. The subcutaneous infection may 
break through the pleura and the skin to form a fistula, which almost in- 
variably closes with treatment. Thirteen such temporary fistulae were 
seen in 11 patients. In one moribund patient, in whom a fistula de- 
veloped in an area where there was no palpable abscess, the flow of pus 
continued for several weeks until death supervened. A collodion dress- 
ing would stem the flow except when the high pressure of a severe cough 
opened it. To prevent these abscesses, one should use as small a needle 
as will evacuate the pus, and if fibrinous clots or thick pus prevent the use 
of a small-calibered needle one should use a diluent to thin the material. 
Before withdrawing the needle it is a good idea to flush its interior with 
mercurochrome or iodine water. One may withdraw the needle as the 
washing fluid is forced through it, but perhaps it is better to replace the 
obturator before withdrawing the needle. 

The site of aspiration has an influence in the development of these ab- 
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scesses. One hardly ever removes the last drop of pus, and if the point 
of operation is posterior the remaining pus will come into contact with 
the injured point. If the aspiration is made in the axilla, especially its 
anterior half, any pus or antiseptic fluid remaining in the thorax will, 
when the patient lies on his back, be below the level of the needle injury. 
If an abscess forms at this site it will not interfere with a thoracoplastic 
incision if that operation becomes necessary. When an abscess has 
formed it will usually heal spontaneously after evacuating itself and 
draining for some time, but the healing process can be hurried by as- 
pirating the pus frequently and replacing it with 2 per cent formaldehyde 
in glycerine or 10 per cent iodoform in olive oil, or 2 per cent mercuro- 
chrome. The first agent gives quicker results, but the second is more 
frequently used. In treating these abscesses the principle is to evacuate 
often enough, in order to prevent the abscess cavity becoming distended. 
At first this will require daily aspiration, the needle being inserted through 
healthy skin to reach the abscess. All of these abscesses have, in my 
experience, been small, and usually quickly controlled. They do best if 
the pleural pus is aspirated often enough to keep it below the level of the 
subcutaneous abscess, and this also prevents the formation of a chest- 
wall fistula. 

Bronchial Fistula: The pleural pus may be evacuated through the 
bronchi. This occurred nine times in this series. The coughing is ac- 
companied by a severe strangling effort, and large amounts of pus may 
be evacuated. This cough often leads to vomiting. The patient com- 
plains of the stale or foul taste of the pus, which may be recognized by its 
amount and physical properties or by its dye content, if such a solution 
has been used. In a patient in whose pleural cavity some gentian-violet 
solution has been used, a little bluish staining of the sputum was seen 
twice during a month before a real evacuation of the pleural fluid oc- 
curred. In one patient I thought that the bronchial fistula resulted from 
the use of 2 per cent formalin in glycerine. Its use, as is well known, 
causes a severe reaction in the pleura, with pain, high positive pressure 
and the formation of a somewhat bloody fluid. I used it in several other 
patients in whom no bronchial fistula occurred, but I learned that I must 
relieve the increasing gas pressure early, sometimes within twelve hours. 
In one case the fistula occurred with the rupture of a collapsed lung, in 
another two weeks after rupture in a similar case, and in another 3} 
months after rupture of an uncompressed lung. The others occurred 
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from two weeks to twenty-six months after the formation of pus. Five 
patients died within four weeks after the rupture into a bronchus, and 
the other four lived from two to five months afterward. The fistula per- 
sisted to death in all of them. Following the work of Bernou (5), a 
number of French workers have reported success in the closure of such a 
fistula with the use of 10 per cent gomenol in olive oil. An amount equal 
to that of the pus removed is introduced. For the technique one should 
refer to an article by Kiiss (6). I used it in two patients in this series 
without success. I also used it in two patients not included in this series 
because no artificial pneumothorax was instituted, but without success. 
One patient had, following rupture of the lung, a bronchial fistula and pus 
in a small pleural pocket which was about to break through the chest- 
wall. The gomenol in oil was, in part, immediately coughed out, and the 
fistula persisted, although the patient’s general condition was benefited 
for some months. The treatment for these cases is a thoracoplasty, which 
should be advised as soon as the rupture is diagnosed, for the general 
condition usually fails rapidly within a few weeks. This procedure was 
advised, but refused, by several of our patients. 

Bacteriology: Examination for bacterial content was not made rou- 
tinely, especially in those patients whose purulent effusions developed 
without marked symptoms. No examination at all was made in nine 
patients. No guinea-pig inoculations were made in any instance, and 
the examinations for tubercle bacilli were made directly without concen- 
tration. The results are listed in the following table: 


Tubercle bacilli negative: other germs negative..............0.eccecccecccees 6 
Tubercle bacilli positive: no other 1 
Tubercle bacilli positive: other germs 4 
Tubercle bacilli negative: Staphylococcus aureus positive..................05. 2 
Tubercle bacilli positive: Staphylococcus eee 4 
Tubercle bacilli positive: Staphylococcus positive, B. coli positive.............. 1 
Tubercle bacilli negative: Streptococcus positive, Staphylococcus positive...... 1 


In the cases with ruptured lung, no examination of the pus was made 
in 3 cases, no secondary microérganisms were found in 5 patients, and 
in three others, in which secondary microérganisms were found, exam- 
inations subsequent to the use of antiseptics revealed none of these in 
two cases. 

Treatment: The treatment of these cases varies with the severity of the 
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symptoms. With the stormy onset of rupture of the lung, especially if 
not accompanied by bronchial fistula, great relief is obtained usually 
with early and frequent aspiration of the pus. For one thing, one wants 
to know whether there is secondary infection; and, in addition, the pres- 
sure, with ruptured lung uncomplicated by a patent bronchial fistula, is 
often high, and even after the first aspiration the pleurisy raises it quickly, 
leading to pain and sometimes dyspnoea. When the purulent effusion 
gradually develops from a serous fluid, usually in a patient in good or 
fair condition, the amount of fluid present or the length of time since the 
last aspiration will determine the frequency of aspirations. Whereas 
the high fever of a severe case of pleurisy usually falls several degrees 
after a simple operation, there is often a temporary slight rise of tempera- 
ture after aspiration in the patients in good condition. As said before, 
it is helpful to replace fluid with air at intervals during the aspiration. 
In cases of acute pleurisy I like to leave a slightly negative pressure, but 
in the afebrile long-continued effusions one often needs a positive pressure 
to prevent reéxpansion and adhesions. 

In washing out the pleural cavity, Gravesen advised the use of two 
needles, one high up for introducing air, or for relieving air-pressure, or 
for taking manometric readings; the other for aspirating pus, and for 
instilling, and later for withdrawing, the wash-solution. Except when 
using gomenol in oil I have always used one needle. In washing out the 
pleura Gravesen continues until the washings are clear, sometimes using 
5,000 to 10,000 cc. of solution and he leaves no solution behind. 

I nearly always use some antiseptic to wash out the pleural cavity, 
allowing some to remain. Several years ago I used formalin in glycerin 
(2 per cent) in amounts of from one to three ounces, but when a bronchial 
fistula occurred in one case two days after its use I became cautious and 
never used more than one ounce of a one per cent solution. In most 
cases this solution leads to a severe reaction with great pain, which is due 
to the quickly mounting pressure, and with a rise in fever and general 
malaise. The air-pocket surmounting the fluid must be tapped to re- 
lieve pressure in twelve or twenty-four hours. The time of the next as- 
piration of fluid will depend upon how quickly the fluid reaccumulates. 
Sometimes this occurs very rapidly, but usually one waits a week. The 
fluid is then found to be colored chocolate, brown, red or tan. As far as 
one can tell from the degenerated character of the cells, the eosinophiles 
are increased. After the use of this solution following the aspiration of 
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pus, one will subsequently find the pus thinner, but in 6 cases I have 
never seen the pus disappear. In two cases I used the solution four times 
over an interval of several months. I have, however, twice seen second- 
ary microérganisms disappear after its use, but never the tubercle bacil- 
lus. 

Gentian-violet solutions, in strengths from 1:5000 to 1:100, were used 
in 18 patients. In administering this, as other solutions, the dye runs 
directly into the needle from a flask with a capillary inlet for air. I 
nearly always use some of the solution as a wash, which is aspirated, and 
finally leave from 100 to 300 cc. in the pleural cavity. In patients, who 
were in good condition and whose indication for aspiration was only the 
amount of fluid, I have left the solution in with the pus for as long as two 
months. In all cases it will thin the pus, making subsequent aspirations 
easier. In one case I used it weekly thirty times without preventing a 
return of the pus, but the patients with acute symptoms feel better after 
its use. Several times secondary microérganisms have been controlled 
by it; but in one case, without bronchial fistula, a Staphylococcus aureus 
persisted after four injections of 1:5000 solution, although the patient 
felt much better. I prefer the 1:100 solution, although it will usually 
render the pus jelly-like and make the following aspirations difficult by 
plugging the needle. I have also used this dye in a 1:5000 solution in 
combination with 1:2500 acriflavin solution. 

At the suggestion of Dr. Petroff, who had shown that, zm vitro, acri- 
flavin will affect the growth of the tubercle bacillus, I began using this 
dye some years ago. Altogether, I have used it in 14 patients, often 
alternating with gentian-violet solution or in combination with the latter. 
I have used it in solution from 1:5000 to 1:2500, and have found that it 
acts about the same as gentian-violet. It seems especially indicated for 
a gram-negative secondary invader, as gentian violet should be preferred 
for a gram-positive germ. In one patient with no microérganisms in the 
pus other than B. tuberculosis, a low fever fell to normal after the use of 
one injection of 1:2500 acriflavin, when it nad not been affected by three 
previous injections of a 1:5000 gentian-violet solution. These dyes also 
serve to make the diagnosis of bronchial fistula, when expectorated pus 
is not recognizable, but I have never seen them give any relief in that 
condition. I have also used methylene blue, in 5 to 30-cc. amounts of a 
5 per cent watery solution, but without effect. Rosenstein (7) reports a 
fatal case due, he thinks, to the use of this toxic dye. 
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Clots of fibrin are often a nuisance in the early stages of purulent tuber- 
culous effusions, but not usually after dyes have been used. In one case 
I found 1 per cent chlorozene useful in dissolving these coagula, but an 
objection has been raised to the use of chlorine solutions that they may 
lead to rupture of the lung by dissolving through a thinly covered super- 
ficial focus in the lung. Pepsin and hydrochloric-acid solution has been 
advised for the digestion of these clots. Gravesen (8) also uses it in old 
empyemata with thick pus, to digest the old thick wall. He allows the 
solution to remain for six to eight hours. 

I used gomenol in olive oil in percentages ranging from 10 to 20 in three 
of these patients. Two of them had bronchial fistula, and no effect was 
obtained. Another patient had been treated four times with 2 per cent 
formalin in glycerine at the onset of his very grave pleurisy. During the 
subsequent three years he had had, at various times, gentian-violet 
solution three times, acriflavin solution once, combined gentian-violet and 
acriflavin solution three times, and methylene-blue solution once. With 
the temperature steadily normal for eighteen months and when his 
weight was good, his thin pus suddenly became bloody and greater in 
amount, and with a high fever. I gave him gomenol in olive oil (20 to 
8 per cent) four times, for a total of 1350 cc., at weekly intervals, and the 
blood gradually disappeared. Having in mind Gekler’s (9) experience, 
I searched for malarial parasites in the blood and in the pleural fluid but 
could find none. 

Thoracoplasty was performed on five of these patients. In two, 
bronchial fistula was present, and the patients were too sick to expect 
results. They both died. I have mentioned that this operation should 
be advised in every patient with bronchial fistula at its very outset, if 
the previous general reaction will warrant it. I feel sure that if several 
of these patients had accepted the advice they would have lived. The 
other three patients had thoracoplastic operations after the lung had re- 
expanded and the pus had disappeared. They are living, but are still 
taking rest treatment although they are in good condition. Having had 
several patients who had been very sick and who did well after the pus 
disappeared as the lung expanded against our efforts, I determined, in the 
men whose pus had long persisted while they were in good condition, to 
allow the lung to reéxpand, thereby ridding them of the pus, with the idea 
of having thoracoplasty then performed. This would avoid the danger 
of a draining sinus if the pleural cavity were broken into, or if the pus 
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should rupture through an area where an old needle abscess had been. 
One of these is included in the three patients mentioned above who are 
doing well. The other is in such good condition that he rebels against 
having the operation. Archibald (10) advised substituting thoraco- 
plasty for artificial pneumothorax in a case with recurring fluid, “par- 
ticularly if the fluid shows the tubercle bacillus, or if it is frankly purulent, 
even if the organisms cannot be demonstrated.’ He advises this to pre- 
vent the occurrence of perforation. Sante (11) advises against waiting 
too long on account of the thick shell-like pleura which may prevent good 
compression. 

When the recurring fluid forms rapidly, it may be necessary in a very 
toxic patient to do an air-tight thoracotomy with constant-suction 
drainage. An ordinary open thoracotomy drainage-tube operation is 
absolutely contraindicated. In one very sick patient with bronchial 
fistula, I introduced an air-tight drainage tube with the Mozingo tech- 
nique, using a 1:5000 gentian-violet solution as a wash three times a day, 
but the pus soon seeped around the tube and the patient rapidly went on 
to his expected death. 

I think there can be no doubt that general radiation with ultraviolet 
rays is beneficial to these patients and the same help can be obtained by 
means of sunlight. 

Results: Of these 32 cases, 13 are living and 18 dead, while one has not 
been traced, but is probably dead. Of the fatal cases the duration of the 
purulent effusion ranged from one-half to twenty-seven months, with an 
average of five months. Of the living cases the duration from beginning 
to end of the purulent effusions ranged from three to twenty-one months, 
with a mean of twelve months. In two still under our care the empyema 
continues after fifteen months. One patient is well and working, three 
after thoracoplasty are improved and under treatment, six others are 
improved and under treatment, one is under treatment with the opposite 
lung worse, and one is worse with tuberculosis of the ankle and is under 
treatment. In 5 cases the lung has reéxpanded, in 3 it is compressed by 
thoracoplasty, as to one I have no information, and in 4 the artificial 
pneumothorax is being continued. 


REFERENCES 


(1) Naveau, P.: Les resultats du pneumothorax thérapeutique, 1925. 
(2) PETERS, A., AND WooLLEY, J. S.: Tr. Nat. Tuberc. Assoc., 1922, 175. 
(3) Matson, R. W., Matson, R. C., AND BIsAILLon, M.: Ibid., 1923, 102. 


| | 


PURULENT EFFUSIONS IN ARTIFICIAL PNEUMOTHORAX 691 


(4) Jacot, M.: Rev. Méd. Suisse Rom., 1915, xxxv, 117, 185, 241. 

(5) Bernov: Bull. Acad. Méd., April 25, 1922, lxxxvii, 457. 

(6) Kiss, M. G.: Rev. d. 1. Tuberc., 1926, vii, 100. 

(7) RosENSTEIN, G.: Deutsche med. Wchnschr., 1925, no. 22, 908. 

(8) GRAVESEN, J.: Surgical treatment of pulmonary and pleural tuberculosis, Wm. Wood, 
N. Y., 1925, p. 125. 

(9) GexieR, W. A.: Med. J. & Rec., May 21, 1924. 

(10) ARcHIBALD, E.: Arch. Surg., 1925, x, 334. 

(11) Santy, M.: Presse Méd., December 16, 1925, 1656. 

(12) GRAVESEN, J.: Loc. cit., p. 142. 


A STUDY OF THE BODY TEMPERATURE IN PULMO- 
NARY TUBERCULOSIS!” 


ELMER H. FUNK anp BURGESS GORDON 


Since the introduction of the clinical thermometer by Sir Clifford 
Albutt there has been a vast accumulation of data on the relation of 
body temperature to disease. The clinical observations in general have 
consisted of measurements of the mouth or rectal temperatures by the 
mercury thermometer at intervals during the day. At different times 
the need for improved methods has been emphasized. Varrier-Jones (1) 
calls attention to the fact that as early as 1868 a thermoelectric pile was 
constructed to measure minute temperature variations too slight to be 
detected by the ordinary thermometer. He has reviewed the literature 
and recorded the important studies of Gamgee and Woodhead, and his 
own observations of continuous and quasicontinuous temperature records 
in health and disease. He concludes that in the study of pulmonary 
tuberculosis the ordinary clinical thermometer is far less reliable than 
is generally supposed, and in cases in which extreme accuracy is re- 
quired it is necessary to supplement any observations made with it by 
those of the recording electric thermometer. 

Our interest in temperature observations in tuberculosis was aroused 
by the numerous discrepancies noted in studying the relation of the 8 
A.M., 4 P.M., and 8 P.M. temperature records to the occurrence of various 
symptoms. This suggested that perhaps certain important data could 
be obtained through a revision of our present methods. It seemed of 
interest to determine the practice in other institutions. A survey (2) 
revealed a wide difference in the hours at which the temperature is 
measured and in the number of daily observations. In approximately 
42 per cent of the institutions the routine practice consists of two daily 
observations. These vary considerably in regard to the hours selected 


1 Presented at the annual meeting of the Association of American Physicians, Atlantic 
City, New Jersey, May 4, 1927. 

2 From the Department of Medicine, Jefferson Medical College, and the Department for 
Diseases of the Chest, Jefferson Hospital, Philadelphia. The expenses of this investigation 
were defrayed by grants from the Women’s Committee of the Chest Department and from 
Mr. Leon Swayze, Canton, Pennsylvania. 
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for the readings. In other institutions the observations vary from one 
to six times daily. Although this striking difference in practice is noted, 
a majority of the students of tuberculosis are of the opinion that tempera- 
ture observations are important in diagnosis, prognosis and treatment. 
The minority, who questioned the value of temperature observations, 
served to increase our interest, and suggested that the present somewhat 
haphazard practice of temperature observations by mouth was subject 
to certain inaccuracies. 

Accordingly, a series of 52 patients in various stages of pulmonary 
tuberculosis was studied. In addition to measuring the mouth tempera- 
ture according to the routine, third-hour observations from 6 A.M. to 
9 p.M. were also made. These were compared with the continuous tem- 
perature record obtained by the use of an electric resistance thermometer 
(3) with a rectal bulb. 

In referring to charts 1, 2 and 3 striking gross variations in the rectal 
temperatures in different patients are noted. 

In chart 1 an elevation of the temperature occurred at 12 noon. Chart 
2 shows a lowering of the rectal temperature between the hours when 
the temperature was recorded routinely. In chart 3 a periodical noon 
and evening elevation is noted. Obviously, these variations could not 
have been obtained through methods of recording at fixed periods, such 
as at 8 A.M. and 4 p.m., during the day. 

Chart 4 shows a curious temperature disturbance. The clinical notes 
are as follows: At 10 p.m. the nurse in charge observed a sudden change 
in the temperature record, and found that the patient was having a 
chill. The patient was uncomfortable for about one hour and then 
fell asleep. The chart shows that, for some hours preceding the sudden 
drop in temperature, frequent minor fluctuations occurred, but later 
no detectable fluctuations were recorded. It would seem that the minor 
fluctuations were in anticipation of the major phenomenon. This 
patient had complained previously of transient unrest at night, the 
cause of which could not be explained clinically. The temperature 
tracing emphasizes the value of studying such phenomena. 

Chart 5 has been prepared from all the 24-hour rectal temperature 
records in our present study. It shows the frequency with which the 
rectal temperature at various hours during the day falls within a specified 
range. It will be noted that in any one-hour period there are certain 
patients with elevated temperatures, and other patients with normal or 
subnormal temperatures. The proportion of individuals at the various 
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temperature levels varies with a tendency toward grouping at lower 
ranges in the A.M. hours and at higher ranges in the p.m. hours. This is 
in accord with the teaching that among tuberculosis patients the tem- 
perature tends to rise in the afternoon and evening and to fall in the 
morning. However true, this generality frequently fails to apply in 
individual cases, as is shown in chart 6, in which certain of the dots 
representing individual temperatures are connected to show the 24-hour 
temperature curve. Chart 7 shows these curves with the confusing 
background of dots removed. The eight temperature curves repre- 
sented in charts 6 and 7 were selected at random, and, if traced out, 
reveal the striking individual dissimilarity. 

Chart 8 shows the average temperature of the group during each hour 
of the 24-hour period. The average has been computed by two methods. 
The mean hourly temperature range is represented by the broken line, 
and the median hourly temperature range by the continuous line. It 
will be noted that these two methods of graphic representation show a 
gradual rise in the average temperature of the group from 6 A.M. to 
noon, a sustained elevation until 9 p.m., and then a drop toward morning. 
Again, this group observation is in keeping with the general statement 
as to the temperature range in tuberculosis, but we do not believe that, 
in view of the dissimilarity of the individual curves (chart 7), any general- 
ization justifies the recording of temperatures routinely according to a 
fixed custom of two or three daily observations. 

This investigation suggests that the practice of relying on routine 
observations of the temperature often fails to give the maximum amount 
of information. To increase this knowledge the following plan has 
been tentatively adopted: 

Thrice-daily observations according to the routine are made, until the 
patient is accustomed to the institutional care. Then a continuous 24- 
hour record is kept, to determine the periods of maximum and minimum 
temperatures. If these do not occur when the routine mouth-tempera- 
ture observations are made, then a special routine is outlined for the 
patient, both as to the hours and the number of daily observations. At 
intervals of ten days or two weeks another 24-hour observation is made 
to check the mouth-temperature observations. It is realized that there 
are many sources of error in using the rectum as an index of the internal 
temperature. However, there would seem to be less chance of error 
in rectal observations than when entire dependence is placed upon 
mouth recording, particularly of a haphazard sort. There is undoubtedly 
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deserved criticism as to frequent daily rectal-temperature observations 
by the use of the mercury thermometer, but we have found no serious 
objection to the use of the rectal bulb of the electric resistance thermome- 
ter at intervals of ten days and longer. The combined use of the rectal 
recording thermometer and the mouth mercury thermometer, may be 
found to be of value in determining the cause of certain unexplained 
clinical phenomena. 


CONCLUSIONS 


1. A series of 52 patients in various stages of pulmonary tuberculosis 
was studied with special reference to the rectal temperature as revealed 
by a recording resistance thermometer. 

2. Assuming that rectal temperatures are generally more accurate as 
an index of body temperatures than mouth temperatures, the dissimi- 
larity of temperature variations in individual patients is emphasized. 

3. The generalization, that the temperature in tuberculosis patients 
is lower in the morning and higher in the afternoon and evening, may 
lead to many errors in individual patients if a rigid routine of tempera- 
ture observations is instituted, especially if the routine includes as few 
as two observations a day, as is practised in many institutions. 

4. A simple method for temperature observations is described. This 
permits of a more intensive study of the temperature variations in re- 
lation to the other clinical phenomena of tuberculosis than is usually 
practised. 
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THE TEMPERATURE-PULSE RATIO IN CHRONIC 
PULMONARY TUBERCULOSIS 


C. A. ANDERSON! 


A fairly uniform ratio between the temperature and pulse is charac- 
teristic of infectious diseases in general. There is a usual increase in 
the number of pulse-beats of eight or ten for each increase of one degree 
of temperature Fahrenheit. 

Exceptions to this rule are noted in typhoid fever and in meningitis 
in which the pulse-rate is relatively low in proportion to the temperature. 
On the other hand, scarlet fever and diphtheria are infections in which 
the pulse-rate tends to be high in proportion to the temperature. 

As has been frequently noted, chronic pulmonary tuberculosis differs 
from many of the infectious diseases in that the pulse-rate tends to be 
rapid and out of proportion to the temperature. A study of the litera- 
ture on the subject indicates that this feature of the disease has not 
received the attention that it deserves in view of the possible value of 
this peculiarity as a diagnostic indication or as an index to the clinical 
condition of the patient. 

A study of the temperature and pulse records of 103 cases of chronic 
pulmonary tuberculosis was made by the writer, to determine as accu- 
rately as possible the ratio of the pulse and temperature in this type of 
case. All cases included in this study had fulfilled the requirements for 
a positive diagnosis of tuberculosis. 

The number of cases in this.group is believed large enough to ensure 
accurate deductions. Care was taken to avoid including cases of differ- 
ent intercurrent diseases or acute manifestations of tuberculosis, which 
might interfere with accurate conclusions. Accordingly, it is believed 
that the results reported here would be corroborated by the records of 


cases of any similar group of patients. 


CONCLUSIONS 
1. In chronic pulmonary tuberculosis the pulse-rate is higher in 
proportion to the temperature than is usual in infectious diseases. 
2. This pulse-temperature ratio appears to be of value from a diag- 
nostic standpoint and as an index to the clinical condition of the patient. 


1 Tucson, Arizona. 
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3. In chronic pulmonary tuberculosis the pulse-rate appears to be a 
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more delicate index of toxemia than the temperature. 
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Temperature-pulse record of typical case of chronic pulmonary tuberculosis. The pulse- 
rate is much higher in proportion to the temperature than is usual in infectious diseases. 
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CHART 2 


Temperature-pulse graph of typical case of chronic pulmonary tuberculosis. It is seen 
that, while the temperature rose above normal on only three occasions, the pulse reached a 
normal value on only five out of a total of eighteen days covered by this record. 
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CHART 3 


Temperature-pulse graph of a typical ambulant case of chronic pulmonary tuberculosis. 
This case showed a slight elevation of temperature on only two out of twenty-seven days. 
The pulse averaged from ten to twenty beats above normal. 
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CHART 4 


Composite average temperature and pulse record of 23 infirmary cases of chronic pul- 
monary tuberculosis. The general level of the temperature and pulse is indicated, showing 
the pulse-rate out of proportion to the temperature. 
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Composite average of 80 ambulant cases of chronic pulmonary tuberculosis, While the 
temperature level is below normal, the pulse level is nearly 90, showing a marked dispropor- 
tion compared with the usual temperature-pulse ratio in infectious diseases. 
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THE LEUCOCYTES OF THE BLOOD IN TUBERCULOSIS 


AN INTERPRETATION OF THE LEUCOCYTIC PICTURE BASED 
UPON THE PATHOGENESIS OF THE DISEASE! 


E. M. MEDLAR anp G. J. KASTLIN 


The leucocytic response in any disease of an infectious nature is gen- 
erally regarded as evidence of a reaction of defense and resistance. It 
would seem logical, therefore, that in tuberculosis, in which there fre- 
quently occurs so much destruction of tissue, this response would be a 
delicate and an accurate index of pathological activity. That it should 
be a truer index of the progress of the disease than temperature, pulse, 
weight, X-ray or physical findings, or even the subjective symptoms of 
the individual infected would seem reasonable. It is acknowledged that 
pathological activity does not necessarily mean a clinical or manifest 
disease in tuberculosis; but the common occurrence of a clinical break- 
down after a clinical arrest of the disease would lead one to believe that 
pathological activity had not subsided with the abatement of clinical 
symptoms. If the leucocytic picture, carefully followed week by week, 
does indicate accurately the state of activity or inactivity of the disease, 
then it should prove to be a most helpful guide in the care of the tuber- 
culous individual, as well as a valuable means of interpreting the progress 
of the tuberculous lesions. 

Tuberculosis is a general disease in that it affects not only the areas of 
tissue in which the tubercle bacilli reside but the body as a whole. Any- 
one who has made blood counts on experimental animals during the 
severe stage of the disease will have noted the inability of small incisions 
to heal quickly, even when there is no local tuberculous involvement of 
the incision. The erythrocytes also are affected, a secondary anaemia, 
often of a severe type, being produced. Because of this general effect 
on various types of tissue the leucocytic picture should be viewed only as 
one manifestation of the disease. We propose to consider the leucocytic 
picture as a reaction to tissue damaged by the growth and disintegration 


1From the Department of Pathology, University of Wisconsin Medical School, and the 
Laboratory of Pathology, Wisconsin General Hospital, Madison, Wisconsin. 
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of the tubercle bacillus in the body and not as a direct reaction to the 
tubercle bacillus as such. We do not consider that the leucocytic re- 
sponse in tuberculosis is specific except that the types of injury, chemical 
perhaps, to the tissue call for certain types of cell to counteract the dam- 
age done. A reaction similar to the one we have found in tuberculosis 
has been observed by Bunting (1) in the advanced cases of Hodgkin’s 
disease. Sufficient specificity for an absolute diagnosis of tuberculosis 
cannot be expected; but, as an aid in diagnosis and especially in prog- 
nosis, we feel that the leucocytic picture is of real value. 

The number of reports on the leucocytic picture in tuberculosis is so 
large that it is not considered feasible to quote at length from work pre- 
viously reported. A majority of the authors have concluded that a 
study of the leucocytes reveals nothing of diagnostic or prognostic 
value. A few authors believe it to be of value and urge its use, along with 
other methods, as a helpful guide in the care of the tuberculous individual. 
Most authors consider that a leucocytosis with high neutrophilic per- 
centage means mixed infection. 

Cunningham, Sabin, e/ al. (2) consider tuberculosis as.a disease of the 
monocyte. In their report the ratio of the lymphocyte to monocyte is 
the most important factor. When leucocytosis with neutrophilic in- 
crease occurred in their experimental animals they considered that a 
mixed infection was present. 

Arneth (3) in his study of the leucocytes in tuberculosis concludes that 
the neutrophile is of the greatest significance. He has divided the neu- 
trophiles into several groups, according to the amount of segmentation 
of the nucleus, and the greater the number of neutrophiles with no or 
slight segmentation of the nucleus the more grave the prognosis. Mono- 
cytic change alone is not a guide as to the severity of the disease. 

Schittenhelm (4) states that a neutrophilic increase, with or without 
leucocytosis, indicates a bad prognosis in tuberculosis, as the increase of 
neutrophiles shows a progressive lesion. The differential as well as the 
total count must be considered. He also states that a shift to the left in 
Arneth’s formula indicates a bad prognosis and means a secondary in- 
fection. Eosinophiles, when decreased, mean progression of lesion, while 
if high they are a good prognostic sign. Monocytes and basophiles are 
of no significance. 

Calmette (5) regards a leucocytosis, not over 10,000, with pronounced 
lymphocytic increase and a slight eosinophilia as evidence of resistance, a 
mild leucocytosis with increase of neutrophiles and of mononuclear leu- 
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cocytes and decrease of lymphocytes and eosinophiles as evidence of de- 
fense, and a marked leucocytosis with neutrophiles to 90 per cent and a 
decrease of the other types of cell as evidence of defeat. He quotes 
Madelaine to the effect that the mononuclear leucocyte is the real defen- 
sive agent in tuberculosis. 

Sweany (6) states that the leucocytic picture is not a satisfactory index. 
He has found the total white count to be very variable. 

Mayer (7) has noted toxic changes in the neutrophiles in tuberculosis. 
These changes he says are not specific, as they occur in other infections. 
They may, however, be of value in differential diagnosis, as in tubercu- 
losis the changes are usually of a milder character than in acute infections. 

Kalkbrenner (8) states that the leucocytic picture indicates the patho- 
logical process in tuberculosis. If resistance exists, the lymphocytes are 
high. When resistance decreases, the lymphocytes decrease and the 
neutrophiles increase. With clinical improvement the blood picture 
reverts to that of resistance and there is an increase of monocytes. To 
gain a proper perspective, the blood picture should be followed from the 
beginning to the end of the disease. With healing, the blood picture 
returns tonormal. The study of the blood, with the help of other factors, 
is useful in determining the phase of the disease and the type of therapy 
most useful. 

In an article (9), recently published in the American Journal of the 
Medical Sciences, we have stressed the significance of the polymorphonu- 
clear leucocyte in the blood picture of tuberculosis. The present report 
is the result of the study mentioned at the end of that article. 

In a previous report one of us (10) has given an interpretation of the 
histopathological reaction in tuberculosis based on chronological sequence. 
In brief the interpretation is as follows: The mononuclear leucocyte 
plays the chief rédle in the formation of the primary mononuclear or 
epithelioid tubercle. If the infection is at this point counteracted to such 
a degree that healing occurs with destruction of the tubercle bacilli, 
there is then a retrogression of the inflammatory exudate. During the 
healing stage lymphocytes infiltrate the tubercle. Eventually the in- 
flammatory cells disappear and a small scar remains. 

If the mononuclear leucocytes are unable to combat the infection suc- 
cessfully they undergo necrosis. At this stage there appears to be pro- 
duced, quite constantly, a type of injury which attracts the neutrophiles. 
The accumulation of these cells gives rise to suppuration. If the infec- 
tion is in such a location that the pus can be discharged to the surface, 
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ulceration or cavity formation occurs. If enclosed, a ‘“‘cold abscess” 
develops. The production of these conditions depends largely upon the 
ability of the neutrophiles to live, and their proteolytic enzyme to carry 
on its digestive function. If, however, the neutrophiles are killed and 
their proteolytic enzyme ceases to function the typical appearance of 
caseation is produced, and the necrotic mass is not extruded to the out- 
side because of incomplete digestion of the dead connective tissue in the 
part. 

Following the appearance of caseation the neutrophiles are not further 
attracted to the area. Mononuclear leucocytes and lymphocytes are 
attracted in large numbers. ‘There is gradual encapsulation of the area 
and organization as the caseous material is removed. If the caseous 
material is not removed sufficiently, then calcification may occur. The 
end-stage of such a lesion is an encapsulated fibroid or calcified tubercle 
with little or no inflammatory exudate present. Lymphocytes are found 
in the periphery of such lesions at a much later date than any other type 
of inflammatory cell. 

We regard the reaction to the tubercle bacillus, once it gains entrance 
to the body, as a manifestation of inflammation and repair, from the im- 
plantation of the infectious agent to the healed stage. In this we differ 
from Krause (11) and others, who would divide the reaction to the 
tubercle bacillus into a productive, noninflammatory phase and an exu- 
dative, or inflammatory, phase. There is no question that there is a 
quantitative and qualitative difference in the cellular content of the 
tuberculous lesion in different phases. But we regard this difference as 
due to a changed condition, probably of a chemical nature, in the tissues 
composing the lesion. At least, it would seem logical that there should 
be a changing chemical condition in any pathological, as well as in any 
normal biological process. And it would seem reasonable to assume 
that one group of chemical alterations in a pathological lesion would be 
combated by one type of defensive cell, the neutrophile for example, 
while another group of chemical change would be handled by another 
type of defensive cell, such as the mononuclear leucocyte. In other 
words, it appears to us more plausible that the response on the part of the 
different types of leucocyte is due to the type of damage produced in the 
tissue than to the tubercle bacillus as a foreign body. 

Leucocytic response to damaged tissue is a general response, regardless 
of whether the injury is produced by an infectious or noninfectious agent. 
The circulating blood should then contain evidence of this reaction. It 
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will not give absolute evidence of the number of cells which have re- 
sponded. Many of the leucocytes will have left the blood-stream on 
reaching an area of damaged tissue. Others, the mononuclear leucocyte 
particularly, may have increased their number through mitotic division 
after having wandered into the area of injury. It is because of this 
general response that we feel that the leucocytic picture should give 
valuable information relative to the predominant phase of the tubercu- 
lous process. This response cannot be ascertained in the circulating 
blood until the extent of damaged tissue is sufficient to call out an abnor- 
mal number of leucocytes of any type. For this reason it would be 
expecting too much to believe that there should be any change in the 
normal number or percentage of leucocytes in the earliest stages of a 
tuberculous infection. 

When an attempt is made to interpret the leucocytic picture on the 
basis of the histopathological phases outlined above, it must be admitted 
that the interpretation will have to be on broad general lines. In any 
tuberculous individual there will generally be lesions representing all 
stages of development, and the leucocytic picture will, in general, be 
indicative of the predominant phase. In the following paragraphs we 
shall give our interpretation of the leucocytic picture, as far as the 
present study will permit, based on the pathogenesis of the tuberculous 
lesion. 

At the present time a leucopenia with high lymphocytes and low neu- 
trophiles is considered as the most characteristic leucocytic picture in 
tuberculosis. In chart I is given the leucocytic picture as it may occur 
in a rabbit given a very virulent infection intravenously. This rabbit 
lived three weeks after infection. It will be noted that the first striking 
change is a leucopenia, with a moderate decrease of lymphocytes, a 
greater decrease of neutrophiles, and the mononuclear leucocytes normal 
or somewhat increased. Rabbits may die at this stage. If this leuco- 
penia is survived, it is followed by a marked leucocytosis, with an in- 
crease of lymphocytes, neutrophiles and mononuclear leucocytes, the 
greatest increase being in the mononuclear leucocytes. Following this, 
in a few days there occurs another marked leucocytosis, which this time 
shows the greatest increase in the neutrophiles. This represents the 
leucocytic picture in a severe tuberculous infection uncomplicated by 
other infectious agents, and coincides with the histopathology of the 
tuberculous lesions. This rabbit showed no areas of typical caseation. 
The three outstanding points in the chart are the leucopenic stage, the 
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mononuclear leucocytic phase, and, finally, the neutrophilic stage with 
death. It corresponds with the findings of Cunningham, Sabin, e¢ al., 
in that there is a marked mononuclear leucocyte or monocyte phase. It 
corresponds with human cases in this respect, and also shows that in 
uncomplicated tuberculosis a typical septic leucocytic picture does occur. 

Since August, 1926, the leucocytic picture in the cases of tuberculosis 
admitted to the Wisconsin General Hospital have been carefully followed. 
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Total and differential counts have been done twice weekly. One individ- 
ual examiner has done all the total counts, and another has made all of the 
differentials. So far as possible, blood counts were done at the same 


time of day on each individual case. 


In the differentials 200 to 300 


leucocytes have been counted. A larger number would undoubtedly 
give a more accurate index of those cells occurring in smaller numbers; 


but it was felt that, if the blood picture were of practical significance, the 
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less accurate method should be a sufficiently exact guide for practical 
use. In the differential counts the cells were divided into the ordinary 
groups without any division of the lymphocytic series into large and small 
types. Smears stained with Wright’s stain were used. 

The cases which comprised this study numbered forty-six. They 
represented all ages and a large variety of tuberculous conditions. Seven- 
teen of these cases died and 14 came to autopsy. Fifteen were discharged, 
unimproved, to their homes or to a sanatorium for the tuberculous. 
Eleven were discharged clinically much improved. Three are still in the 
hospital under treatment. No case of incipient or suspected tuberculosis 
is included in this series. 

In four cases the leucocyte count was followed for one week. Twenty- 
six cases were studied for from two weeks to two months. The remaining 
16 cases were studied for from two to nine months. In all, 725 total and 
differential counts have been done. 

The number of cases is too large to permit inclusion of the record of 
each case in this report. A careful analysis of the whole group shows the 
following facts: Every case that died, regardless of the tuberculous 
lesions found at autopsy, showed a consistent leucocytosis with a high 
percentage of neutrophiles, a low percentage of lymphocytes, a variable 
percentage of mononuclears with a tendency toward an increase, and 
often an increase in percentage of eosinophiles and basophiles. In these 
cases the total cell count varied from 9,000 to 50,750. 

The majority of the cases discharged as unimproved showed a blood 
picture quite similar to that of the group that died. There was, however, 
this difference: there was a greater tendency for the neutrophiles and 
lymphocytes to be in normal percentages. In some of these cases there 
would develop a leucopenia for a few days, with low neutrophilic and 
high lymphocytic percentages. This condition, however, always reverted 
to a leucocytosis, with high neutrophilic and low lymphocytic percentage. 
The number of mononuclear leucocytes varied greatly. In some counts 
15 per cent of the cells would be of this type. The eosinophiles and baso- 
philes varied from 0 to 6 per cent. 

The leucocytic picture found in the group of cases, which at the time 
of discharge manifested evidence of clinical improvement, was very 
variable. Two cases had counts varying from normal to a distinct 
leucopenia, with a marked tendency toward a low neutrophilic and a 
high lymphocytic percentage. Three cases had a leucocytosis throughout 
their hospitalization, and were discharged with the blood picture un- 
changed. The remainder of this group showed a fluctuation, which 
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ranged from a distinct leucopenia to a marked leucocytosis, and the 
differential counts showed a great variation in the percentage of the 
different types of cell. The leucocytic picture as a whole in these 
cases, with the exception of three, was distinctly more nearly normal 
than in the other two groups. They all retained a pathological leucocy- 
tic formula at the time of discharge. We feel that, although there is 
evidence of clinical improvement at the present time, several of these 
cases still manifest definite pathological activity. 

Of the three cases still under treatment, two have consistently mani- 
fested a leucocytosis for many months with the neutrophiles constantly 
above normal. These cases have also shown a low percentage of lym- 
phocytes and a variable number of mononuclear leucocytes and eosino- 
philes. The third case is one which was readmitted to the hospital in 
August, 1926, because of a clinical breakdown. During the last few 
months there has been marked clinical improvement. At first there was 
a consistent leucocytosis with a typical septic differential count. This 
leucocytic picture changed later to alternating periods of normal or 
leucopenic counts and of a mild leucocytosis. With these fluctuations in 
the total count there has also occurred a marked fluctuation of the 
percentage of the different types of cell. 

The following cases are very briefly summarized and the leucocytic 
picture, as found in each case, is shown in charts in all cases but case 1. 


Case 1 


Case 1: A white male aged 43. For 10 years there has been tuberculosis 
of the right hip and innominate bone. Several psoas abscesses have formed 
and been drained. Each time the sinuses have healed. On entrance to the 
hospital a psoas abscess was found and was aspirated aseptically. Careful 
bacteriological studies of the aspirated pus showed only the tubercle bacillus 
present. 

The right limb was resected at the hip joint. Uncontrollable haemorrhage 
led to the death of the patient. 

The leucocytic counts done during the three weeks of hospitalization are 
as follows: 


DIFFERENTIAL 
TOTAL 


Neutrophiles Lymphocytes Mononuclears Basophiles Eosinophiles 
11,350 | 77% 8,600; 16% 1,800 3% 340 1% 113 3% 340 
10,500 | 76% 7,980] 20% 2,100 3% 315 1% 105 
13,150 | 78% 10,202 7% 920} 11% 1,440 1% 130 3% 393 
85% 13,175 | 12% 1,860 3% 465 
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Necropsy Findings: Were as follows: Absence of right lower limb, with a 
large blood clot in the tissues around the hip; iliopsoas abscess, the size of a 
large orange on the right side; caries of the second and third lumbar vertebrae 
and of the right innominate bone; extensive caseous tuberculosis of both adre- 
nals; occasional tubercle in spleen and liver; old healed tuberculosis of right 
apex and peribronchial lymph nodes; pulmonary oedema; obliterative pleuritis, 
bilateral. Microscopical study confirmed the above diagnoses. The adrenals 
showed but little normal adrenal tissue present. 


With such an extensive destruction of adrenal tissue it seems remark- 
able that there was no clinical evidence of the Addisonian syndrome. 
The only thing suggestive was a relatively low blood-pressure, and this 
was attributed to the weakened general condition of the patient. 

Since this individual did not die directly as a result of his tuberculous 
condition it is especially significant that he manifested a septic blood 
picture. He presented no draining sinuses. There was no pneumonia. 
There were no ulcerations of the bowel. Careful bacteriological studies 
of the pus from the psoas abscess showed only the tubercle bacillus pres- 
ent. These facts substantiate beyond question, we feel, that a tuber- 
culous individual can show a typical septic leucocyte picture without 
mixed infection. 


Case 2 


Case 2: White male, aged 5. An undernourished boy with a kyphoscoliosis 
and roentgenographic evidence of a destructive lesion of the 9th and 10th 
dorsal vertebrae with abscess formation. 

Several members of his family have active clinical tuberculosis. 

An Albee bone graft was successful. After three months the case was 
discharged from the hospital. There was definite clinical improvement. 

Twenty-three blood counts were done. The total counts ranged from 
11,750 to 24,300, this latter being the count on the day of discharge, when he 
showed the following differential picture: neutrophiles 72, lymphocytes 21, 
mononuclears 6.5, eosinophiles 0.5 per cent. The neutrophiles ranged from 
55 to 86 per cent, lymphocytes 9 to 36 per cent,mononuclears 2 to 10 per cent, 
eosinophiles 0.5 to 4 per cent, and basophiles 0.5 per cent. Chart II gives 
the total cells per cubic millimetre. 


This case represents a very active pathological condition. The neu- 
trophiles and lymphocytes have been consistently increased while the 
mononuclears have varied greatly. The persistent neutrophilic increase 
indicates tuberculous abscess-formation. ‘The increase of lymphocytes 
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and mononuclears indicates a good attempt at repair, and hence good 
resistance. This type of case, we feel, is liable to show a clinical break- 
down if not properly handled. 


Case 3 


Case 3: White female, aged 15. The patient was well up to the age of 8 
years. She entered the hospital, because of deformity of the back and weak- 
ness of the legs, in October, 1922. Clinical examination showed tuberculous 
involvement of the 7th, 8th and 9th dorsal vertebrae, with angular deformity. 
An Albee bone graft was performed. No abscess was found at the time of 
operation. The patient was discharged in braces in February, 1923. She was 
in good physical condition and showed marked clinical improvement. The 
patient returned for observation in June, 1924. At that time there was 
considerable pus in the urine. She was readmitted in 1925, and was placed 
on traction. Clinical improvement was again good, and the patient was 
discharged in March, 1926. 

In July, 1926, an abscess developed in the back, in the region of the original 
tuberculous process. This was aspirated through a small incision, and about 
75 cc. of thick pus was removed. Culture of the pus was negative, and smears 
showed no tubercle bacilli. The patient entered the hospital in September, 
1926, because of an abscess developing at the site of the original drainage. 
The abscess ruptured spontaneously. Since this date the sinus has inter- 
mittently discharged and closed. The amount of discharge has been slight. 
Otherwise, at the present time, the general condition of the patient is good. 
She is in bed and on traction. 

Fifty-five leucocyte counts have been made to date. The total counts have 
ranged from 7,750 to 26,750. The neutrophiles varied from 57 to 88 per 
cent, lymphocytes 7 to 32 per cent, mononuclears 2 to 14 per cent, eosinophiles 
0.5 to 2 per cent, and basophiles 0.5 to 1 per cent. Chart III represents the 
total cells. 


This case is of special interest because of the repeated clinical break- 
downs following clinical improvement. In 1922 one blood count was 
recorded. ‘Three were recorded in 1924 and two in 1925. These few 
counts are of no real value in understanding the condition at that time. 
The leucocytic record since the clinical break in September, 1926, is in- 
structive. The neutrophiles at first were markedly increased and later 
returned to normal. Since that time there have been periods of a milder 
increase than at first, with a tendency to return to normal. The lym- 
phocytes have in the majority of counts been above the normal level. 
The mononuclear leucocytes have been distinctly increased in the ma- 
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jority of counts. The last six weeks show the mononuclear leucocytes in 
a greater increase than any other type of cell. There has been but one 
normal blood count in the fifty-five done, if one considers both the total 
and differential counts. 

This case we consider as one of distinct pathological activity. In 
spite of the apparent clinical improvement the leucocytic picture shows 
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that the case is still active. Such a case is liable to show clinical break- 
downs when allowed too much activity, and should have careful medical 
supervision until the blood picture returns to normal. 


Case 4 


Case 4: White male, aged 26. Clinically active pulmonary tuberculosis, 
far advanced, with cavitation. During hospitalization ten lipiodol injections 
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were given. Sputum decreased in amount, but always showed tubercle bacilli 
present. There was a gain of 10 pounds in weight. The temperature re- 


CASE RE TOTAL CELLS IN THOUSANDS. 


=NEVTROPHILES. 
tymPuocyres. 


A P-Q 


CuHart IV 


turned to normal, and the patient subjectively was greatly improved. It was 
felt that there was definite clinical improvement, and the case was discharged 
to a tuberculosis sanatorium for further treatment. 
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Forty-two total and differential leucocyte counts were done during hospitali- 
zation. The total counts ranged from 9,500 to 26,600. In the differential 
counts the neutrophiles varied from 70 to 89 per cent, lymphocytes 4 to 24 per 
cent, mononuclears 2 to 15 per cent, eosinophiles 0.5 to 3.5 per cent, and baso- 
philes 0.5 to 1.0 per cent. 


Chart IV shows the total cells per cubic millimetre. There has been a 
persistent increase of neutrophiles. The majority of the counts showed 
the lymphocytes distinctly below normal. The mononuclear leucocytes 
were distinctly increased in the majority of counts. In spite of the 
apparent clinical improvement, as evidenced by decrease of sputum, 
gain in weight and subjective feeling of the patient, the blood picture has 
remained the same throughout. 

It is our belief that this is a severe progressive case witha bad prognosis. 
At no time has there been any evidence of a return of the leucocytic 
picture to normal. We do not feel that this septic blood picture is due to 
mixed infection, but rather that it represents the progressing suppurating, 
caseating type of tuberculosis without any other infectious agent par- 
ticipating. 


Case 5 


Case 5: White male, aged 48. Since March, 1925, the patient’s progress 
has been steadily downward. Physical examination showed a far advanced 
bilateral pulmonary tuberculosis with cavitation. A right phrenicotomy 
was done on November 2, 1926. Two blood transfusions were given in 
February, 1927. 

Forty total and differential leucocyte counts were done during the 157-day 
hospitalization. The total counts ranged from 11,500 to 33,000. The neu- 
trophiles varied from 75 to 92 per cent, lymphocytes 4 to 20 per cent, mono- 
nuclear leucocytes 1 to 15 per cent, eosinophiles 0.5 to 3 per cent, and basophiles 
0.5 to 4.5 per cent. 

Autopsy Findings: Were as follows: Bilateral caseous tuberculous broncho- 
pneumonia; one cavity, 7 cm. in diameter, in the right upper lobe; recent 
phrenicotomy wound; bilateral obliterative pleuritis; tuberculous ulceration 
of small bowel; tubercules in spleen, liver and both kidneys; fatty infiltration 
of liver; old healed aortic endocarditis; moderate atherosclerosis of aorta and 
its main branches. 


Chart V gives the total cells per cubic millimetre for the last 5 months 
of the individual’s life. The neutrophiles were markedly increased at all 
times. The lymphocytes were slightly increased until the last month. 
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The mononuclear leucocytes showed great variability, with the majority 
of counts showing a definite increase. Throughout the study this case 
showed a septic blood picture. In the light of case 1, this septic blood 
picture represents a severe tuberculous infection without mixed infection 
playing a part. The blood picture corresponds well with the histo- 
pathology of the lesions studied. Many of the small lesions showed 
areas of caseation infiltrated with lymphocytes and mononuclear leu- 
cocytes. Small tuberculous abscesses composed largely of neutrophiles 
were numerous, and there were numerous mononuclear tubercles. 
This case represents a relatively chronic progressive type of pulmonary 
tuberculosis. The active clinical disease was of two years’ duration. 
It is probable that prior to this date there was pathological activity, 
which would have been indicated by a study of the leucocytic picture. 


Case 6 


Case 6: White female, aged 27. The patient entered the Wisconsin 
General Hospital September 21, 1926, with the following history: Up to five 
weeks ago she had felt well. At that time she had a severe chest “cold.” 
With rest this attack cleared up except for an unproductive cough. On 
September 17 the patient had a severe coughing spell, and coughed up a small 
amount of bright red blood. This happened while she was in a porch-swing, 
eating peanuts. The next day the cough was practically gone. On the eve- 
ning of entrance to the hospital there occurred another coughing spell, with 
the coughing up of a small amount of blood. 

Physical examination at the time of hospitalization showed an apprehensive 
young female, with cyanotic lips, sallow skin, cervical adenopathy, and 
moderate thyroid enlargment. There was evidence of partial atelectasis 
of the left lung, with displacement of the cardiac apex and dulness to the left, 
decrease in size of the left chest, reduction of excursion, wooden tympany above 
and reduced resonance below, diminution of breath-sounds, an apical systolic 
murmur, and tachycardia. . 

Roentgenographic examination on October 2 showed parenchymal changes 
of a cotton-ball type in the middle and upper portions of the left and at the 
base of the right lung. Progressive plates showed a continuous spread of the 
process in both lungs. No evidence of cavitation was seen. 

Sputum examination on numerous occasions showed many tubercle bacilli. 
Blood cultures were negative on several examinations. 

Hospital treatment was largely supportive and symptomatic. A broncho- 
scopy was done four days after entrance to the hospital. No foreign body 
was found. An ischiorectal abscess was drained the latter part of December. 
There was a gradual decline, with death on January 9, 1927. Necropsy was 
not permitted. 
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Thirty-two total and differential counts were done during the 110 days in 
the hospital. The total count ranged from 13,000 to 50,750. The neutro- 
philes varied from 73 to 92.5 per cent, lymphocytes 5 to 21 per cent, mono- 
nuclear leucocytes 2 to 10 per cent, eosinophiles 0 to 2 per cent, and basophiles 
0 to 1.5 per cent. 


Chart VI shows the total cells per cubic millimetre. The mean daily 
temperature is indicated, to show that there does not appear to be any 
relation between the degree of temperature and the leucocytosis. Note 
also in this chart the numerous crossings of the lymphocytes and mononu- 
clear leucocytes. Every blood count done showed a differential per- 
centage commonly considered septic in type. 

Clinically, this case was regarded as one of phthisis florida. Tubercle 
bacilli were very numerous in every specimen of sputum examined. 
Roentgenographic studies showed a rapidly spreading pulmonary condi- 
tion of a tuberculous type. Blood cultures failed to reveal a septicaemia 
of an ordinary pyogenic type. To us this case demonstrates that the 
more acute and extensive the tuberculous infection the more nearly does 
the leucocytic picture resemble that produced by the bacteria nominally 
considered pyogenic. 


COMMENT 


The charts of the foregoing cases are all plotted on the same scale and 
represent the total number per cubic millimetre of each type of cell shown. 
The number of each type of cell was obtained by taking its percentage 
(obtained in the differential count) of the total count. To make the 
charts as simple as possible the basophiles and eosinophiles were not 
plotted. We have arbitrarily accepted, as the normal base-line for 
neutrophiles, 5,000 cells per cubic millimetre, for lymphocytes 2,000 and 
for mononuclear leucocytes 500. Points above these lines represent an 
increase; below, a decrease of the leucocytes in the circulating blood at 
the time the count was taken. 

Our interpretation of the charts is here briefly set forth: The greater 
the deviation of the neutrophiles from normal above the line and the 
more consistent this deviation, the worse the prognosis. This deviation 
indicates a tuberculous lesion undergoing abscess formation, and with 
this there is quite likely to occur a rupture of the abscess and further 
spread of the infection. 

When the lymphocytes appear consistently above the base-line repair 
of areas of caseation or healing of mononuclear tubercles without 
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abscess-formation is indicated. When the lymphocytes show a marked 
tendency to be below the base-line there is little if any healing of lesions. 

The interpretation of the mononuclear increase is more difficult, as 
these cells form the mononuclear tubercles and also play a large part in 
the repair of caseated lesions. Their increase may represent either new 
tubercle-formation or repair of caseated lesions. In general, we feel that 
a simultaneous or closely related increase of neutrophiles and mononu- 
clears is an indication of spread of infection and formation of new tuber- 
cles which go on to abscess-formation. An increase of lymphocytes and 
of mononuclears, with little or no increase of neutrophiles, indicates good 
repair with little or no abscess-formation, and hence a good prognosis. 

In interpreting the status of an individual case it is necessary to follow 
the leucocytic picture from week to week. Because of the chronicity of 
tuberculous infections, a count once a week will show the pathological 
trend of the infection. Care should be taken to have all the counts done 
as nearly the same time of day as possible, and consistency in the tech- 
nique of the blood counting should be established. A single count indi- 
cates only the degree and type of pathological activity at the time. As 
Sweany states, there is great fluctuation in the leucocyte count. This is 
to be expected, unless there has been established within the individuala 
fairly constant state of progression or retrogression of the infection. 

When the different leucocytes are plotted on a percentage of total cells 
they give a picture similar to the above-described charts, but in a more 
striking manner. In these charts 5,000 neutrophiles, 2,000 lymphocytes, 
and 500 mononuclear leucocytes equal 100 per cent respectively. ‘Then 
10,000 neutrophiles would represent 100 per cent increase and 2,500 
neutrophiles would represent 50 per cent decrease. On a similar basis 
the percentage increase or decrease of the other types of cell is com- 
puted. Each column represents a leucocyte count. In this way 
both the total leucocyte count and the differential count are taken into 
consideration. 

Chart VII shows the mononuclear-leucocyte percentage superimposed 
on the neutrophilic percentage of charts III and VI. In both of these 
diagrams it will be noted that there are many counts in which there is a 
greater increase of mononuclears than of neutrophiles. The percentage 
of increase of either type of cell is an indication of the type of injury and 
of the amount of injured tissue which may best be rendered innocuous to 
the rest of the body by the neutrophile or by the mononuclear leucocyte. 
It will be noted that there is no constant relation between the percentage 
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increase of neutrophiles and mononuclears. The mononuclear rise may 
precede, coincide with, or follow the rise in neutrophiles. From the 
cellular content of the tuberculous lesions in their various phases this is 
to be expected; especially, if one considers that tuberculous lesions in 
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various phases of development are commonly present in the body at one 
and the same time. If one superimposes the lymphocytes on the neutro- 
philes or on the mononuclear leucocytes in the same manner as described 
above, there are shown the same variations in rise and fall as shown in 
the mononuclear-neutrophile chart. 
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In all of these charts we have omitted the eosinophile and basophile in 
order not to make the diagrams too complicated. These cells also show 
great variation. At the present time we do not see how they are of any 
value either diagnostically or prognostically. They may be either in- 
creased or decreased in cases which show the worst type of leucocytic 
picture or in cases which show the least variation from the normal leuco- 
cytic formula. 

Since it appears that in tuberculosis every variety of leucocyte is, at 
some time or other, either increased or decreased, it would seem illogical 
to consider tuberculosis as a disease of any particular cell. Rather, one 
may consider that in tuberculosis there is produced a variety of chemical 
changes in the tissues involved; and that, for the protection of the tissues, 
one type of injury is best rendered innocuous by the mononuclear leuco- 
cyte, another by the eosinophile, and still another by the neutrophile. All 
of these types of injury may exist in the body at the same time, and con- 
sequently all varieties of leucocyte may be increased simultaneously. 
This we have noted on several occasions. This conception aids in the 
understanding of certain observations we have recently made in con- 
nection with a study of the leucocytic picture in tuberculous rabbits. 
Some of these rabbits have shown an increase of basophiles up to 25 per 
cent, and in such bloods a large number of the neutrophiles have con- 
tained a few basophilic granules. Based on the above interpretation, 
this leucocytic picture means that at that time there existed a type of 
injury that could best be rendered innocuous by the basophile. 

On numerous occasions we have computed the neutrophiles according 
to Arneth’s formula. We agree that the greater the shift to the left the 
more severe the case. We feel, however, that the variation in personal 
interpretation of the lobulation of the nucleus and the amount of time 
necessary to compute the formula properly makes a simpler method 
preferable. 

The same general statement may be made concerning the formula 
proposed by Kalkbrenner. 

We have noted quite frequently toxic degeneration of the leucocytes 
as reported by Mayer. This degeneration has been more evident in the 
severe cases. We agree with Mayer’s interpretation as to its significance. 

The leucocytic picture, taken by itself, cannot establish the diagnosis 
of tuberculosis. Taken with other findings in an individual case we feel 
that it may be of considerable aid. In early cases we would feel inclined 
to lay most stress on the absolute number of lymphocytes and mononu- 
clear leucocytes. 
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After a diagnosis of tuberculosis is once established we feel that the 
leucocytic picture is of great value as an aid in understanding the patho- 
logical process developing within the body. It indicates the state of the 
individual case much more accurately and with greater precision than any 
other single method at our command. But even here no attempt should 
be made to draw the line too fine, and reliance should not be placed upon 
a few counts. Valuable information can be gained if weekly total and 
differential counts are done, and the total number of each type of leuco- 
cyte per cubic millimetre is charted as one would chart the temperature. 
From our experience we feel that the following rough estimation will give 
all the information necessary to guide in handling the tuberculous case or 
in making a prognosis so far as the leucocytic picture is concerned: The 
more nearly the leucocytic formula assumes and maintains a septic pic- 
ture, the more severe the case and the graver the prognosis. The greater 
the trend away from a septic picture, the better is the individual handling 
his infection. If, after a reversal from a septic to a nonseptic picture, 
the individual develops a trend toward a septic picture on exercise, a 
clinical break is foreshadowed. In cases showing a leucocytosis a drop 
in the leucocyte count should be carefully watched; for a case which has 
shown a leucocytosis of a septic type may still show a septic differential 
count even if the total cells drop to a low level of three to four thousand. 
This, we feel, represents evidence of exhaustion of the cells of defense and 
repair. Such a phenomenon has been noted shortly before death in one 
of the cases that came to autopsy. The exhaustion may, however, be 
but a temporary phase, which will be followed by a leucocytosis of the 
type previously present. 


CONCLUSIONS 


1. The leucocytic picture in tuberculosis appears to be a more accurate 
and delicate indication of the phase of the tuberculous process in an in- 
dividual case than is any other single manifestation of the disease. 

2. The degree of leucocytosis represents in a general way the type and 
the acuteness of pathological activity. 

3. The total and differential counts must be considered together to 
gain any information of value. 

4. A week-by-week following of the leucocytic picture gives valuable 
information relative to the progress of the tuberculous process. 

5. An uncomplicated case of tuberculosis may give a leucocytic picture 
of a septic type. This represents the worst phase of tuberculous infec- 
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tion. It represents tuberculous abscess-formation, which leads to ul- 
ceration, cavitation and extensive spread of the tuberculous infection. 

6. We believe that the leucocytic response in tuberculosis represents a 
reaction on the part of the different types of leucocyte to different types 
of injury of tissue. It is not a reaction to the tubercle bacillus as a 
foreign body, but rather to the tissue injured by the tubercle bacillus. 

7. The leucocytic picture substantiates the interpretation of the patho-, 
genesis of the tuberculous lesion reported by one of us. 


We wish to express our appreciation to the medical, surgical and orthopoedic services 
of the Wisconsin General Hospital for the privilege of including brief clinical abstracts of cases 
from their services and for their codperation in other ways. 

We are indebted to Miss Mirbelle Netherwood for making the total counts and the blood- 
smears. We appreciate the spirit and conscientious way in which her part of the work has 


been discharged. 
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THE DIFFERENTIAL LEUCOCYTE COUNT IN 
PULMONARY TUBERCULOSIS! 


THE VALUE OF THE LYMPHOCYTE-MONOCYTE RATIO IN THE 
DETERMINATION OF ACTIVITY 


W. H. MORRISS anp S. H. TAN 


Study of the leucocytic reaction to tuberculosis by means of differential 
counting of the white blood cells is no new thing. 

While authors have emphasized varying points of interest, the usual 
opinion has been that “‘the blood picture in tuberculosis gives no clear- 
cut information of diagnostic or pathognomonic value.” Recent work 
by Cunningham, Sabin, Sugiyama and Kindwall (1) on the Réle of the 
Monocyte in Experimental Tuberculosis has suggested that perhaps this 
opinion stood in need of revision. Briefly summarized, their work has 
shown that in rabbits infected with the tubercle bacillus the monocyte 
plays an important part in the reaction to infection. These authors 
offer evidence to show that tuberculous infection causes a tremendous 
overproduction of this type of cell, which in the acute phase of the en- 
suing disease brings about an increase in the numbers of monocytes in 
the circulating blood. It was noted also that the ratio of the monocyte 
to total number of lymphocytes evidenced a significant relationship to 
the development of the disease. In normal rabbits this ratio was 1 to 
2.97, whereas in the group of animals in which the disease was progressive 
it was 1 to 0.79, and in the group reacting favorably toward the infection 
the ratio was found to be 1 to 3.56. A marked reversal of the normal 
ratio was thus found to be a consistent indication of malignant infection. 
These interesting and suggestive studies were made on blood-films 
stained by supravital technique as well as by the ordinary fixed-film, 
Wright-stain method. 

If such a striking blood picture could be found so consistently in 
experimental tuberculosis a further clinical study on the blood of pa- 
tients seemed indicated. 


1 From the Gaylord Farm Sanatorium, Wallingford, Connecticut. 
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REVIEW OF LITERATURE 


Total Leucocyte Count: The marked variation in conclusions of authors 
reporting studies on the total white count in tuberculosis offers but little 
encouragement to the clinician seeking a reliable guide. It is probably 
true that much of the literature on leucocyte counting in various patho- 
logical conditions stands in need of revision in view of an earlier work by 
Sabin (2) and her associates on The Normal Rhythm of the White Blood 
Cells. In this study counts were made at fifteen-minute intervals on 
six normal individuals for eight hours, and marked variations were 
found present. Thus, in one experiment, a low count of 5,160 was 
obtained at 2 p.m., while a high count of 11,640 was found present at 
11.15 a.m. In view of this work small variations in counts seem to lose 
much of their significance, and only marked changes present under care- 
fully standardized conditions are of value. 

In the older work on total white counts in tuberculosis Ullom and 
Craig (3) reported a slight increase in leucocytes, which became more 
marked with the development of toxic symptoms or cavitation. Wright 
and King (4) described in progressing cases an increase in total leucocytes, 
with a relative increase in neutrophilic polymorphonuclears. In this 
they are in agreement with Miller and Read (5) and Yokoyama (6), 
while Gléel (7) stated that he found an increase in leucocytes even in 
mild cases. 

In experimental tuberculosis Achard and Loeper (8) reported a leuco- 
cytosis occurring very early and subsiding in a few days. Bender and 
DeWitt (9), in a more recent study, found the leucocytosis present only 
in the terminal stages. Kleeman (10) stated that total white counts 
had no diagnostic or prognostic significance. 

There is agreement by several authors that in the later stages of 
progressive cases there occurs a relative increase in polymorphonuclears. 
(Solis-Cohen and Strickler (11), Mosczytz (12), Kleeman, Gléel, Bach- 
man and Lucke (13).) 

A promising method of cytological study was proposed by Arneth (14). 
He, in studying the neutrophilic cells, concluded that an estimate of the 
maturity of the cell could be drawn from the number of nuclei. In the 
cellular reaction to tuberculosis he noted that there occurred a higher 
proportion of the immature cells and that this was greater the more 
severe the infection. This observation has been confirmed by Miller 
and Read, Solis-Cohen, Klebs and Klebs (15), Bender and DeWitt, 
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Bachman and Lucke, Turban (16) and Calmette (17). However, it 
has not proved generally useful and, in view of the modern studies on 
living cells, seems to rest largely on a mistaken conception of cellular 
structure. 

As regards the percentage of eosinophilic cells, there is a very marked 
divergence in opinions. Solis-Cohen, Kalkbrenner (18), and Gléel find 
them scarcely influenced by the disease. Yokoyama thinks that the 
percentage is normal until the terminal stage, when they tend to decrease. 
Mosczytz, Schulte-Tigges (19), Eicke (20), Kleeman, Halbron (21) and 
Swan (22) agree in considering an increase in eosinophiles as of distinctly 
favorable significance. Bender and DeWitt found in their careful 
haematological studies that, in the group of guinea pigs living nine months 
or more and considered as having a chronic form of tuberculosis, there 
was almost uniformly present a marked eosinophilia, and, on the con- 
trary, in the series showing a rapidly progressive type of disease there 
were either no eosinophiles or a marked decrease in their percentage. 
Berthelon and Delbecq (23) concluded from their experiments that the 
eosinophiles decreased toward the end of the disease. Bezancgon, De 
Jongh and Serbonnes (24) found an eosinophilia present between exacer- 
bations of symptoms in the progressive type of disease. They considered 
this as the most consistent and noteworthy change in the blood picture. 
Appelbaum (25) also noted an eosinophilia in the early stages of the 
disease. 

The lymphocyte has been an object of special interest to the student 
of the cytology of tuberculosis. Arloing (26) believed that this cell 
possessed some specific property: which played a part in the reaction of 
the host to tuberculous infection, and this theory has been elaborated by 
Bartel (27) and Bergel (28). In papers reporting clinical studies there 
is a surprising uniformity of opinion, to the effect that an increased 
percentage of lymphocytes occurs in the cases which are reacting favor- 
ably toward the infection, while in the progressive cases there is a fall 
in the lymphocytes. This opinion has been possibly best supported by 
Webb (29) and his associates, but it is held also by Downing and Allison 
(30), Bergel, Weicksel (31), Bachman and Lucke, Kleeman, Eicke, 
Mosczytz, Kalkbrenner, Solis-Cohen, Ullom and Craig, Miller and Read, 
and Watkins (32). Wright and King, in a study of 577 cases, state that 
when the percentage of lymphocytes is down to 10 the prognosis is bad, 
when at 6 the patient will probably die in about six months, and that 
when at 3 or less death is but a matter of a few days. 
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Experimental work undertaken in the study of this theory has not been 
so uniform in its conclusions. Bergel claimed to have demonstrated a 
fat-splitting ferment in lymphocytic extracts that was capable of de- 
stroying the capsules of the tubercle bacilli. In this he was supported by 
the work of Marie and Fiessinger (33), but Corper (34) and Reed (35), in 
reviewing the experiments, failed to demonstrate any such property of 
the lymphocyte. Pawlow (36) claimed to show a bactericidal property 
present in extracts of lymphocytes, which, when allowed to act in vitro 
on tubercle bacilli at 38° for two and a half hours, caused their death. 
Taylor and Murphy (37) showed that a decrease in total lymphocytes 
occurred in mice which had been exposed to X-rays, and that this was 
accompanied by a lowered resistance toward tuberculous infection. 

In another paper Murphy and Sturm (38) increased the number of 
lymphocytes by exposure to dry heat, and claimed a greatly augmented 
resistance toward tuberculosis in the animals so treated. Hussey (39) 
increased the resistance of guinea pigs to tuberculosis by the inoculation 
of avirulent strains of the bacillus, and concluded that in these animals 
“the blood counts showed that associated with the immune reaction there 
is a definite general leucocytic response characterized by an absolute 
increase in the total count, with an absolute and relative increase in 
lymphocytes.”” Bender and DeWitt found that in their acute group of 
tuberculous guinea pigs there was a progressive decrease in lymphocytes 
as the disease advanced. An interesting recent study has been made by 
Fortig and Wehsarg (40) on changes in the blood picture occurring as a 
result of positive tuberculin reactions. Their patients, consisting largely 
of lupus cases, showed a striking difference in the blood picture before 
and at the height of the reaction, characterized by an increase in total 
count, a relative and absolute increase in polymorphonuclears, and a 
marked decrease in the percentage of lymphocytes and eosinophiles. 
This is opposed to the former findings of McBrayer (41), who noted an 
appreciable drop in the leucocyte count in positive reactors. 

The last type of leucocyte to be considered is the large mononuclear 
phagocyte, the endothelial leucocyte of Mallory, the histiocyte of Kiyono, 
the monocyte of Sabin. This variation in nomenclature and the diver- 
gence in opinion as to the source and function of the cell present a con- 
fusing picture to the reviewer. In our study we have followed Sabin’s 
classification, and include as monocyte all large mononuclears except the 
large lymphocyte, which may be distinguished from the monocyte by 
characteristic staining reaction, this distinction being best shown in the 
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supravital preparations but being quite definite in properly stained fixed 
preparations. The group monocyte thus contains the transitional of 
Ehrlich, which in living preparations is seen to be but a form of the mono- 
cyte, taking the characteristic stain with neutral red. 

In cytological studies on the blood of the tuberculous there again 
appears a marked difference of opinion as to the importance of this cell. 
Appelbaum in 1902 noted a marked increase in transitionals. Ewing 
(42) and Halbrun found in acute and in most chronic cases of tubercu- 
losis the large monocyte present in excess. Galbraith (43) concurred 
in this view, but attributed their presence to the rich protein diet fed 
to most tuberculous patients. Strauss and Rohnstein (44) found in 
chronic tuberculosis percentages of monocytes up to 17.2. Gléel stated 
that the monocytes are increased from the beginning of the disease, and 
that in the terminal stages, while they may be diminished relatively, 
there still remains a predominance over the percentage of lymphocytes. 
Webb reported a percentage of endothelial leucocytes ranging from 6 to 8. 
He found in the far-advanced cases a slight increase in the actual number 
of cells present, in spite of a slight decrease in percentage. McJunkin 
(45) in 1920 found a consistently high percentage of monocytes occurring 
in the later stages of progressive disease and persisting until the death of 
the patient. On the other hand, in the clinical studies of Solis-Cohen 
and Strickler, Kalkbrenner, Eicke, and Yokoyama, it is stated that the 
percentage of monocyte does not undergo any noteworthy change during 
the course of the disease. 

In the experimental studies Achard and Loeper reported that the 
initial increase in polymorphonuclears was followed by an increase in 
monocytes; and Berthelon and Delbecq that, after the earliest stages of 
infection, there occurred an increase in percentage of the large mononu- 
clears which reached a maximum on the seventeenth day, then subsided 
somewhat, but during the entire course of disease remained above normal. 
Bender and DeWitt are authority for the statement that in the acute 
cases of animal infection there is a rnarked preterminal increase in mono- 
cytes. Cunningham, Sabin, ef al., described a very striking picture of 
mononucleosis in their tuberculous animals. 


The present paper is based on a study of 500 total white counts and 
differentials made on 200 patients of the Gaylord Farm Sanatorium. 
These patients constitute a group representing all stages of pulmonary 
tuberculosis, but there is a relatively small proportion of advanced cases 
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in the group owing to the selection of favorable cases for admission to the 
sanatorium. It may be pointed out that a sanatorium group offers 
unusual opportunity to standardize the conditions of a clinical study. 
All the patients are under much the same living conditions, and their 
diet and exercise are under regulation. The counts were all made at 
approximately the same time of day, between 10 and 10:30 a.m., about 
two hours after breakfast, and before any exercise had been taken. 
The material was grouped as follows: (I) inactive group, (II) active 
group, (III) nonclinical tuberculosis, and (IV) a special group selected 
for repeated-count study. This latter group consisted of 25 cases se- 
lected to represent all types of tuberculosis but consisting largely of 
progressive cases. In the grouping made into active and inactive classes 
considerable difficulty was found in establishing any precise criterion 
for selection. Unfortunately, no precise method for making this division 
is at hand. The following general rules were employed for the classi- 


fication: 


1: Any man with temperature persistently over 99° or pulse over 90, or woman 
with temperature over 99.6° or pulse over 100, was considered active. Ex- 
ception to this rule was made when the temperature or pulse elevation could be 


definitely attributed to some complication which did not influence the course 


of the pulmonary lesion. 

2: Patients allowed on exercise were considered as inactive. 

3: General symptoms, such as marked sensations of fatigue on slight exertion, 
loss of weight, a severe digestive disturbance, were considered presumptive 


evidences of activity. 
4: The erythrocyte-sedimentation test, done as routine on all patients, was 
also given due weight. A two-hour reading of over 10 in males, or of over 20 


in females, was considered evidence of activity. 


That the classification is still far from satisfactory is well realized, but, 
while there is no definite objective measure of activity, it is felt that the 
term is still a valuable one for the clinician as an expression of the pa- 
tient’s condition which must be employed to determine treatment. 
Tuberculosis is a chronic disease, characterized by periods of exacerba- 
tion, remission, and short or long quiescence, so that at one period a 
patient may fairly be classified as active and just as fairly in the course 
of a few days be considered as inactive. In an attempt to make the 
selection with as little personal element as possible, the patients were 
grouped before the data of counts had been studied, in conference with 
the staff physicians who were in constant touch with the patients 


condition. 
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TECHNIQUE 


The total white counts were made with the usual technique, using the self- 

filling counting chamber. Differential counts were made on coverslip prepara- 

tions stained with Wright’s stain, 200 cells being counted, and no count was 

made unless a perfectly satisfactory stain was obtained. The classification of 

cells used was described by Sabin, the cells being grouped into neutrophiles, 

small, intermediate and large lymphocytes, monocytes, eosinophiles, basophiles 

and myelocytes. Neutrophiles undergoing fragmentation were counted when 

they could be clearly recognized as such. In 50 cases both supravital and 

fixed preparations were made, the supravital neutral-red technique, as de- 

scribed by Cunningham, Sabin, e¢ al., being employed. Satisfactory stains, 

using Janus-green, were not secured as the stain proved toxic to the cells. vi 
It was our original intention to carry out the entire study using the supra- 4 

vital technique, but after some experience it was felt that counts made from 

fixed films, properly stained with Wright’s stain, were sufficiently accurate for 

clinical employment. In 50 cases both methods were used. The average 

percentage of monocytes, which offers the greatest point of possible error, in 

the fixed stain was 8.8, while with the supravital method the average was 9.18. 

Counting 200 cells on each preparation, an average difference between the two 

methods of +4 cells was found to occur. 
While it is felt that the supravital method is of the utmost value in cytologi- 

cal study, it is nevertheless not simple, it requires considerable practice to 

employ it satisfactorily, and it is far more time-consuming than the examina- 

tion of fixed films. For a clinical method these considerations are of great 

importance if differential counting is to be given a more generalized application. 


The ratio between total lymphocytes and monocytes was found by 
Sabin to be of great interest. This ratio was therefore adopted in the 
present study, as represented by an index figure derived by dividing the 
percentage of lymphocytes by the percentage of monocytes. From our 
study it appeared that a ratio of 3 to 1 could be taken as a rough line 
of demarcation between a normal ratio and one abnormally low, so that 
the index 3 is used in the charts as a normal standard. 


DESCRIPTION OF TABLES 1 TO 9 


The first part of our study consists of a comparison between the active 
group of 110 patients and the inactive group of 82 patients as regards 
the total white count and the differential. As a basis of comparison 
table 1 is presented, the first half of which has been compiled from the 
paper of Sabin (2). The figure, 7,500, given as the normal white count 


te 
| 
| 
* 


736 W. H. MORRISS AND S. H. TAN 


is taken empirically, it being generally considered that this normal lies 
between the limits of 5,000 and 10,000 cells percmm. The other figures 
are based on the averages obtained from her comprehensive study of the 
blood of 6 normal individuals. In the second half of table 1 will be 
found the figures derived from a group of natural control cases. This 
group of 16 patients entered the sanatorium for diagnosis, tuberculosis 
being naturally suspected, but after careful study no positive evidence 
of clinical disease could be found, and they were classified as ‘‘non-clinical 
tuberculosis.”” It will be seen that the figures in this group agree closely 
with those derived from Sabin’s study. The index in this latter group is 
5.45 against an index of 3.3 in the former. 

In table 2 are grouped the averages of total counts, percentages and 
actual numbers of cells estimated as present in one cubic millimetre of 
blood. The maximum and minimum values are also given. A compari- 
son of the averages of the inactive group with table 1 reveals no 
noteworthy change in the blood picture. When the high and low values 
are studied it will be seen that there is a far wider variation in this latter 
group. ‘This may well be explained by the unavoidable error in group- 
ing patients as active or inactive. In the second half of the table, that 
of the active group, the average figures give a different blood picture, 
characterized by a slight leucocytosis, a slight increase in neutrophiles, 
both relative and actual, a decrease in total lymphocytes, both relative 
and actual, and an increased number of monocytes. The percentage 
and actual number of eosinophiles remain unaffected. The index in this 
group is 2.52 contrasted with 4.5 in the inactive group and 5.45 in the 
nontuberculous group. The extreme variations in this group may also 
be explained, in part, by failure to group the patients correctly. 

The next four tables, 3, 4, 5 and 6, are presented in elaboration of the 
table of averages, to show the range of the differential counts made in 
the active and inactive groups. The number of counts in each group 
falling within varying limits is tabulated. 

In table 3 it is found that, as regards the total leucocytic count in the 
active group, but 7 per cent of the counts can be considered as below 
normal, 55 per cent are within normal limits, and 37.5 per cent evidence 
a slight leucocytosis. In the inactive group the figures are 14.7 per 
cent slight leucopenia, 69.1 per cent normal, and 16.1 per cent slight 
leucocytosis. As regards the polymorphonuclears, the predominance of 
higher cell counts in the active group is striking. 

In table 4 the same tabulation is made in lymphocytic counts, and 
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TABLE 1 
Normal standards 
NORMAL (SABIN) NON-CLINICAL TUBERCULOSIS GROUP 
Aver- Aver- 
Average | age Extremes Extremes | Average | age Extremes Extremes 
number | per number percent | number | per number per cent 
cent cent 
Total leucocytes |7 , 500 13 , 680-4, 200 7,825 15,400-5 ,000 
Neutrophilic 
polymor- 
phonuclears...|4,950 |66.0 70.8-61.5/4,806 |61.4/10,626-2 ,555|71-36.5 
Total lympho- 
cytes......... 1,747.5|23.3 28.3-19.4|2,352 |29.9|3,950-1,075 |52-20.5 
Monocytes...... 525 | 7.0 8.4-6.3 | 488 | 6.3) 770-170 {11-2.5 
Eosinophiles....| 172.5} 2.3 5.6-0.97; 139 | 1.8) 420— 29 6-0.5 
Index L/M..... ao 5.45 15-2.1 
TABLE 2 


Comparative leucocyte pictures in clinically active and inactive groups: 192 cases 


INACTIVE ACTIVE 
Aver- Aver- 
Average | age Extremes Extremes} Average | age Extremes Extremes 
number | per number percent | number |} per number per cent 
cent cent 

Total leucocytes. . .|7,829 13 ,800-4, 200: 9,907 20 , 200-4 , 200 
Neutrophilic poly- 

morphonuclears |5,048 85-53 
Total lymphocytes |2,090 /27.0} 3,705-572 |45.5-11/1,863 |19.6) 4,872-630 | 37-7.5 
Monocytes........ 540 | 6.8) 1,272-144 |13.5-3 | 903 | 9.1} 2,552-156 | 17-2.0 
Eosinophiles...... 136.5} 1.8) 540-0 7.0-0 133 360-0 3.5-0.0 
Index 4.5 11.4-1.5 2.92 9.7-0.54 

TABLE 3 
Total leucocytic and polymorphonuclear counts 
NUMBER OF CELLS 
TOTAL 
2,000 | 4,000 | 6,000 | 8,000 | 10,000)12,000 14,000 CASES 
to to to to to to . + 
4,000 | 6,000 | 8,000 | 10,000) 12,000|14,000 

Total leuco- Active cases 1 4 9 | 31 | 16 6 5 72 

Inactive cases 0 | 10 | 28 | 19 7 + 0 68 
Polymorpho- Active cases 6 | 21 | 28 9 2 3 71 

nuclears....... Inactive cases 16 | 38 8 5 
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TABLE 4 


Lymphocyte counts 
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NUMBER OF CELLS 


TOTAL 
800 | 1,200} 1,600 | 2,000 | 2,400 CASES 
to to to to to 
1,200 | 1,600 | 2,000 | 2,400 | 2,800 
{| Active cases is ia 72 
Tnactive cases | 3 | 14 | 14 | 18 | 9 68 
TABLE 5 
Monocyte counts 
NUMBER OF CELLS 
TOTAL 
Oto | 400 | 600 | 800 | 1,000 CASES 
400 | te to to to 
600 | 800 | 1,000} 1,200 
Active © 122 113 72 
saiiaiaiaiie \| Inactive cases | 21 | 23 |15 | 3 | 4 68 
TABLE 6 
Leucocytic indices 
05 | 10] 15 | 20] 25 | 3.0 
TO TO TO TO TO TO 4.5 + | TOTAL 
nates Ee Mt Inactive cases | 0 0 6 6 6 | 16 83 
TABLE 7 
Indices in 192 cases: grouped according to classification of National Tuberculosis Association 
CLASSIFICATION CASES AVERAGE MAXIMUM MINIMUM 
a f 22 4.8 11.4 1.2 
( 21 3.8 1.3 
39 2.9 0.8 
—— 32 3.3 1 0.7 
oe 14 3.3 0.9 
{ 1 2.0 2.0 
( 4 3.1 2.0 
J 8 2.3 0.5 
Far advanced..... ‘) 2 23 0.7 
( 2.1 0.8 
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higher counts are much the more numerous in this case in the inactive 
group. As regards the monocyte, tabulated in table 5, a definite in- 
crease in the number of these cells over the normal figures is found to be 
the usual occurrence in the active group, while in the inactive group the 
range of values is with but few exceptions normal. 


TABLE 8 
Indices of pneumothorax cases 
CASE DAYS DAYS 
NUMBERS INDEX INDEX REMARES 
3,344 4.2 | Treatment started before admission; 2 
years treated 

3,414 109 0.8 | Complicated by contralateral lesion 

3,383 298 2.2 | Partially successful collapse 

3,482 33 1.3 ah 3.0 | Successful collapse 

3,508 5 2.6 171 2.4 | Partial success 

3,547 1 2:2 28 3.0 | Success 

3,555 10 1.3 37 2.0 | Success 

3,564 4 1.9 27 1.6 | Good collapse 

3,563 27 6.8 28 4.9 | Good collapse 

3,587 11 4.7 20 2.5 | Good collapse 

3,571 22 1.3 42 1.7 | Not successful; discontinued after 7 

refills 
3,591 18 39 10 2.3 | Partial success 
3,240 8.3 | Under treatment 3 years; working 6 hours 
TABLE 9 
Leucocytic indices: complication groups 
CASES AVERAGE INDEX 

Spontaneous pneumothorax... 3 3.9 


When the indices in table 6 are tabulated it is found that in the active 
group 77 per cent lie below the limit of 3, while in the inactive group 21.6 
per cent are below and 78.4 per cent above 3. 

In table 7 the cases are grouped according to the classification of the 
National Tuberculosis Association into Minimal, Moderately Advanced 
and Far Advanced, with a subgrouping according to the number of 
lobes involved. In this table only the indices are given, and it is rather 
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surprising to find that the advanced cases have a much lower average 
index than the Minimal. This probably means only that activity is 
more common in the former group. 

The indices for a group of pneumothorax cases are given in table 8. 
The figures given here represent single counts made before the institution 
of special treatment and a series made at varying time-intervals after 
treatment was started. As might be expected, the values of the indices 
before treatment are almost invariably low, while after treatment there 
is, in most instances, a definite improvement in the blood picture. 

Table 9 gives blood indices for a miscellaneous group of cases with 
complications, and includes a small number of spontaneous-pneumothorax 
cases observed recently in the sanatorium. ‘There seems to be no char- 
acteristic blood picture in the small series of pleurisy-with-effusion cases. 
Where the condition occurred without active intrapulmonary lesions 
the picture was normal. In the cervical-lymphadenitis group normal 
values were found, as was also the case with the spontaneous-pneu- 
mothorax group. The four cases continuing sanatorium treatment after 
thoracoplasty showed pictures varying with the degree of arrest of their 
pulmonary lesion. 


SELECTED CASES, WITH THEIR CHARTS 


Twenty-five cases were selected for more intensive study. On these 
patients counts were made at approximately weekly intervals for a period 
of time long enough to follow the patient through a few months of his 
tuberculosis history. Cases were selected to represent the progressive 
case, the improving case, and the inactive or quiescent case. The results 
of the repeated blood examinations were recorded graphically on a special 
chart, constructed to show, either graphically or by number, the total 
white count and the percentage of the various types of white blood cell, 
the index, and the patient’s temperature and pulse on the day when the 
count was made. While all of the charts possessed points of interest 
four charts are selected for reproduction as illustrative of the three groups 
studied. 


Chart 1; Is that of a patient diagnosed as moderately advanced, C-II, 
Rt.-u., Lt.-u. He was admitted to Gaylord Farm Sanatorium on March 
4, 1926; 26 years of age, unmarried. His family history is unimportant, 
his past history uneventful. 
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He dated his present illness from a period about eight years before 
admission, when he consulted his doctor on account of fatigue, cough 
and expectoration. A diagnosis of pulmonary tuberculosis was made 
at this time, and on the advice of his physician he went to Asheville, 
where he “cured” for about two years. He returned home with an 
apparently arrested lesion, and maintained good health at his former 
occupation of builder until December, 1925. At this time he began to 
feel run down, and had a recurrence of his former symptoms. Returning 
to Asheville, he came down with an acute illness and on this account 
returned home to New Haven, where he was admitted to a general 
hospital with a diagnosis of pneumonia. While in the hospital he ran 
a high fever, had night-sweats, cough and profuse expectoration, and lost 
25 pounds. After three weeks in the hospital he was admitted to the 
sanatorium. 

For the first ten days after admission his temperature ranged between 
98.8° and 100.4°, and his pulse between 80 and 100. His normal weight 
was 155, and his admission weight 139. His sputum was positive, and 
his sedimentation reaction 21 per cent in two hours. His general physi- 
cal examination, aside from the lungs, revealed nothing noteworthy. 
His right lung showed an impaired note above the second rib and third 
vertebral spine, increased pectoriloquy above second rib, and a few fine 
rales in the second interspace near the sternum. On the left side the 
note was impaired above the fourth rib and third vertebral spine, and 
there was bronchovesicular breathing above the third interspace. Num- 
erous moist rales were heard between the second and fifth ribs. 

The roentgenographic report showed an old fibrous infiltration in the 
right upper lobe from the first to fifth ribs, several small cavities in this 
area, and a small amount of active infiltration from the clavicle to the 
third rib and fourth vertebral spine. On the left there was apparently 
active infiltration only in the upper lobe. His prognosis on admission 
was considered to be poor. 

Following his admission the patient did not react favorably to treat- 
ment, but continued to run an irregular fever, lost weight, and seemed to 
be losing ground. On this account collapse therapy on the left side was 
advised, as offering about the only hope, and was started on May 7. 
The pneumothorax, on account of adhesions, gave but a partial collapse, 
and seemed to influence the course of the disease but slightly. On June 
12 a note appears that his prognosis was growing increasingly poor. 
During the summer his condition varied, at times showing signs of 
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improvement, but also going through periods of apparent exacerbation. 
On the whole, there seemed to be a little improvement. This condition 
continued about the same up to the time of his discharge on December 6, 
1926. He left the sanatorium to continue rest treatment at home. 

In this case the blood picture shows rather marked variations from 
time to time. The total white count was usually slightly higher than 
normal, ranging from 7,700 to 14,000. The striking fact in the picture 
however is the persistent low index, which never reached more than 2.5, 
this being but an expression of low lymphocytes and high monocytes. 


Chart 2: Case no. 3,495. Diagnosis: Mod. Adv., B-I, L-u, 1. The 
patient, a man, 44 years of age, whose occupation was that of factory 
worker, was admitted October 6, 1926, with complaint of cough and 
expectoration. The family history was negative. The patient had an 
attack of “grippe’’ each winter for many years. In 1917 he had an ill- 
ness suggestive of gastric ulcer. He dated his present illness from about 
April, 1926, when he began having cough, a flushed feeling in the after- 
noons, and digestive disturbances somewhat like those of the former 
illness. In August he became much worse, with severe cough, profuse 
expectoration, and prostration. He rapidly lost strength and weight. 

On admission his temperature range was between 98° and 101°, and 
his pulse between 80 and 100. His normal weight was 125, and that on 
admission 119. His sputum was positive and his sedimentation reaction 
26 per cent. 

His X-ray showed dense active infiltration on the left side from the 
apex to the third interspace and seventh vertebral spine. There was no 
infiltration on the right. On examination, moist rales were heard above 
the second rib and third vertebral spine and at the base below the ninth. 
vertebral spine on the left side. 

The patient was kept as an infirmary bed-case until the end of Novem- 
ber, when he was transferred to the cottage and soon started on exercise. 
He has made excellent improvement since his admission, gaining about 
40 pounds, and having no present symptoms of activity. His sputum 
has been negative since October. He is ready for discharge as quiescent, 
though he still has a few rales present at the left apex. 

The blood picture in this case shows evidence of marked improvement 
in the patient’s condition occurring in about a month, and this agreed 
well with his clinical history. The sharp rise in the index, coincident 
with a temporary fall in temperature to be noted in the second count on 
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the chart, is interesting as showing the quick response in the blood picture 
to fluctuation in the patient’s resistance, a fact noted several times on 
other charts. 


Chart 3: Case no. 3,482. Diagnosis: Mod. Adv. B-I. R-u,1. This 
case illustrates slow improvement under pneumothorax treatment. 
The patient, aged 23 years, by occupation a packing-clerk, was admitted 
on September 4, 1926. His family history was unimportant. He 
dated his present illness from an attack of “‘grippe’ in March, 1926. 
Following this attack he began losing weight and strength, and had a 
persistent cough and expectoration. He had a tonsillectomy under 
ether anaesthesia in July. During the summer he felt somewhat better, 
but his cough and expectoration continued. His temperature range has 
been 98° to 99°, pulse between 60 and 90, normal weight 125, and ad- 
mission weight 122. The sputum was positive, and the sedimentation 
reaction 33 per cent. His X-ray showed active infiltration on the right, 
from the apex to the third interspace and seventh vertebral spine, and 
on physical examination he had moist rales in the same area above the 
third rib and fourth vertebral spine. 

Ten days after admission the patient had a series of haemoptyses, 
and, on this account and in view of the unilateral lesion, pneumothorax 
treatment was instituted on October 19. A satisfactory collapse was 
obtained, but in spite of this he ran a rather irregular course for the next 
few months, with periods of moderate elevation of temperature, and 
exacerbation of symptoms. Since February, 1927, however, he has 
been showing steady improvement, his temperature has remained within 
normal limits, and he has gained about 18 pounds and is at present on 
thirty minutes’ exercise. 

Observation of the index chart in this case shows but little indication 
of improvement for the first three months, but from that time on there 
is a marked increase in the index. This corresponds very closely with 
the results of clinical observation of the patient. The definite leucocy- 
tosis, occurring early and gradually returning to normal limits, is worthy 
of notice. 


Chart 4: Case no. 3,193. The patient, 16 years old, an office-boy by 
occupation, was admitted to the sanatorium on December 10, 1924. 
His diagnosis was Far Advanced B-II, with involvement of Rt.-u, m, ]; 
Lt.-u, 1. Both of his parents had died of tuberculosis, but the patient 
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had apparently had a healthy childhood, and felt perfectly well until 
November, 1924, when he was taken ill with pain in left chest, cough and 
expectoration. ‘Two weeks after onset he had asmall haemoptysis. His 
temperature ranged between 98° and 99.6° during the first ten days after 
his admission, and his pulse between 110 and 130. The sputum was 
positive. His X-ray showed slight scattered infiltration throughout 
the right lung, and on the left scattered active infiltration from the apex 
to the sixth vertebral spine. His physical examination was in keeping 
with these findings. 

He was given a course of bed-rest lasting for about six weeks. After 
being up for some time he developed signs of intestinal involvement, 
and an X-ray examination of the gastrointestinal tract was considered 
positive for caecal tuberculosis. He was placed on rest and heliotherapy, 
and did very well. In August, 1925, it was noted that he has had no 
symptoms referable to either his chest or intestinal condition. After a 
slight relapse of pulmonary symptoms in February, 1926, he continued 
to improve, so that on April 21 he started in work in the clinical labora- 
tory. He continued from this time an uninterrupted recovery, putting 
in about a half-day’s work in the laboratory until his discharge in April, 
1927. 

The blood picture present in the chart covers only the last phase of 
his sanatorium history, the period of quiescence and steady improvement. 
It can be seen that the index remains high, and that the entire blood 
picture is well within normal limits. As his temperature and pulse were 
normal during all this period, they are not charted. 


DISCUSSION 


It appears from this study that while inactive pulmonary tuberculosis 
has no characteristic blood picture which distinguishes it from the nor- 
mal individual, in active tuberculosis there is a characteristic picture. 

From the above conclusion it is apparent that differential blood counts 
can offer but little help in diagnosis, and that their value as regards prog- 
nosis is difficult to ascertain without increasing the period of study very 
materially, but it appears that the lower the index the more doubtful 
the prognosis. The greatest value of such counting seems to lie in 
determining the type of reaction of the patient to his infection, and this 
can best be shown in repeated counts. It is fair to assume that the blood 
cells, and more especially the lymphocytes and monocytes, play a not 
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negligible réle in the process of reaction toward infection, and that this 
cellular reaction is reflected by the presence, in varying number, of these 
types of cells in the circulating blood. It is not necessary to postulate 
the truth of the hypothesis as regards the parts played by the lympho- 
cytes or monocytes in the immunity reaction. Whether the lymphocyte 
is a factor favorable to the patient, whether the monocyte can be looked 
on as an ally of the invader, are questions for the pathologist. The blood 
picture offers evidence that some such cellular struggle is taking place, 
and seems to give us a fairly definite picture of how the tide of battle is 
turning. This view of the blood picture in tuberculosis has been ad- 
mirably stated by Calmette, quoting Richard (46), in defining his formu- 
lae of reaction. First, there is the formula of resistance, which consists 
in a moderate leucocytosis not exceeding 10,000 per cmm. and a fairly 
pronounced lymphocytosis with slight eosinophilia. Second, the formula 
of defense, a hyperleucocytosis, abundant polynucleosis, mononucleosis, 
with constant diminution of eosinophiles and lymphocytes. Third, the 
formula of defeat, in which there occurs a leucocytosis varying from 
16,000 to 20,000, in which the polymorphonuclears make up a proportion 
of 90 per cent, the lymphocytes and mononuclears are decreased in 
number, and the eosinophiles are entirely lacking. In our study we had 
the opportunity to make blood counts on hardly any terminal cases; in 
one such case made a few days before demise the neutrophiles made up 
90 per cent of the cells. Otherwise our findings fit well with Richard’s 
formulae, except that we could see no noteworthy variation in the eosino- 
philes. As regards the lymphocytes and monocytes, our feeling is that 
their relative percentage does offer an extremely useful means of esti- 
mating the patient’s reaction toward his invading microérganism. 


CONCLUSIONS 


1. There is no characteristic change in the blood picture of inactive 
pulmonary tuberculosis. 
2. In active cases there is a characteristic picture consisting of: 
A slight increase in total white count. 
A slight increase in number of neutrophiles. 
A slight decrease in lymphocytes. 
An increase in the percentage and number of monocytes. 
No change in eosinophiles. 
A definite lowering of the normal index. 
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3. In the cases studied by repeated examination it appears that the 
index remains low in progressive cases, tends to rise gradually in improv- 
ing cases, and remains high in the quiescent case. 
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ATTEMPTS TO PRODUCE SKIN HYPERSENSITIVENESS 
WITH NON-ACID-FAST TUBERCLE BACILLI 


An Experimental Study on Guinea Pigs!” 
C. H. BOISSEVAIN anp S. W. SCHAEFER 


Baldwin (1) in 1911 demonstrated that cutaneous hypersensitiveness 
in guinea pigs can be caused by injection of dead tubercle bacilli. These 
findings were confirmed by Petroff (2), Crawford (3), Boquet and Négre 
(4), Nakayana (5), and several others. Selter (6) failed to produce 
hypersensitiveness by the use of dead bacilli; however, he used the 
intravenous method, which is not as apt to cause hypersensitiveness 
as intraperitoneal injections. 

Petroff (2) is of the opinion that a definite relation exists between the 
mass of tuberculous tissue caused by the injection of dead bacilli and the 
degree of hypersensitiveness. Boquet and Négre (4) found, when they 
autopsied their animals, that the tuberculous tissue with a few tubercle 
bacilli still persisted after the hypersensitiveness had disappeared. Nak- 
ayana (5), on the other hand, found that no anatomical tubercles could 
be demonstrated upon autopsy at a time when skin hypersensitiveness 
existed. Joffe (7) observed that injections of the butter bacillus and the 
timothy bacillus caused the formation of anatomical tubercle when in- 
jected into guinea pigs. Ray and Shipman (8) confirmed Auclair and 
Paris’s (9) observation that the tubercle lipins alone can produce ana- 
tomical tubercle. 

It seems well established that the presence of bacilli, either dead or 
alive, is necessary for the production of tuberculin hypersensitiveness. 
All attempts to cause hypersensitiveness by injections of tuberculin or 
soluble products of the bacillus have failed. A few instances reported 
in the literature have not been confirmed by other authors. We experi- 
mented with bacilli made non-acid-fast by various methods, to determine 
whether or not they had lost their power to produce hypersensitiveness. 


1From the Laboratory of the Colorado Foundation for Research in Tuberculosis at 
Colorado College, Colorado Springs, Colorado. 

2 Presented before the Pathological Section at the twenty-third annual meeting of the 
National Tuberculosis Association, Indianapolis, Indiana, May 26, 1927. 
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Petroff and Stewart (10) report that injections of bacilli, rendered non- 
acid-fast by treatment with bromine and acetone, did not cause the same 
degree of hypersensitiveness as bacilli that had not been submitted to any 
chemical treatment. The same authors (11) find that injections of 0.8- 
1.6 mgm. of Dreyer’s “defatted” antigen in guinea pigs only gave rise to 
“indications of a mild tuberculin reaction.” Zinsser, Ward and Jennings 
(12) arrived at the same conclusion. McJunkin (13) states that bacilli 
that had been defatted by treatment with oleic acid caused typical tuber- 
culin hypersensitiveness when injected into guinea pigs. On the other 
hand, he finds that heat-killed tubercle bacilli are unable to cause hyper- 
sensitiveness. Petroff (2) emphatically affirms that tubercle bacilli, 
even when submitted to a temperature of 120° C. during one-half hour, 
cause hypersensitiveness in guinea pigs. In all our experiments we used 
heat-killed bacilli, and found uniformly that hypersensitiveness follows 
the intraperitoneal injection of 10 mgm. or more of tubercle bacilli 
killed by 15 minutes’ exposure to 115°C. 


EXPERIMENTAL 


All guinea pigs used in this work reacted negatively to tuberculin be- 
fore the bacilli were injected. Fourteen guinea pigs were injected in- 
traperitoneally with tubercle bacilli, that had been killed in the auto- 
clave by exposure for 15 minutes to 115°C.; one received 10 mgm., three 
12 mgm., two 13 mgm., six 20 mgm., one 40 mgm., and one 80 mgm. 
After 3 weeks 0.2 cc. of 1/10 dilution of O.T. was injected intracutane- 
ously; all the guinea pigs reacted with a large area of redness and infiltra- 
tion, with central necrosis. 

We first attempted to obtain non-acid-fast bacilli by extraction with 
ether, chloroform and petrolether. The bacilli were extracted in an 
alundum crucible: first, during 72 hours with ether, then for 72 hours 
with chloroform. ‘They were still acid-fast after this treatment, and were 
now suspended in 1 per cent HCl and left standing for several days, 
after which they were washed and dried, and extracted for 24 hours 
with petrolether. A large number of the bacilli still retained their acid- 
fastness after this treatment. We now tried extraction in an alundum 
capsule with toluene; after 24 hours the bacilli were non-acid-fast, but 
had assumed a dark color, and the toluene in the extraction flask con- 
tained a dark brown sediment. These experiments were not continued, 
because in the case of the ether-chloroform-petrolether extraction we 
were unable to obtain non-acid-fast bacilli, while the high boiling point 
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of the toluene apparently caused such intense changes in the constitution 
of the bacillus as to vitiate the results. Eight guinea pigs were injected 
with the various extracts and extracted bacilli, and the results are 
given in table 1. 

The number of guinea pigs injected with each extract is too small to 
justify any conclusions, but the results are similar to those obtained from 
the other experiments, that is, that only acid-fast bacilli produce typical 
cutaneous hypersensitiveness. 

In looking for better methods to obtain non-acid-fast bacilli, we de- 
cided to follow Koch’s (14) example, and deprive the bacilli of their acid- 
fastness by prolonged grinding in a ball-mill. Accordingly, 2.5 gm. of the 
bacilli were ground for 72 hours with chromium steel balls, after which 


TABLE 1 
Number of guinea pigs 2 2 2 y a 
Toluene- | | Cholo- Chloroform extract 
Substance used extracted form and chloroform- 


bacilli extract | extract —- extracted bacilli 


Amount in each guinea pig 15 mgm. | 15 mgm. | 15 mgm. | 15 mgm. = rn —_ 
Reaction on injection, after 3 weeks, +444 
of 0.2 cc. 10 per cent O. T. intra- + — 
cutaneously 
— = no reaction. 
-+ = erythema. 


++ = erythema and slight infiltration. 
- ++-++ = considerable erythema and infiltration. 
++-++ = considerable erythema and infiltration and central necrosis. 


they were found to have lost their acid-fastness. Ten guinea pigs were 
injected intraperitoneally with varying amounts of the ground bacilli, 
suspended in physiological salt solution, one received 10 mgm., six 
received 20 mgm., one 40 mgm., one 80 mgm., and one 160 mgm. After 
3 weeks they were tested with 0.2 cc. 10 per cent O.T. intracutaneously. 
The results are given in table 2. 

All the skin tests were negative; in two cases there was some redness 
and infiltration, but this was in no case more than may occasionally be 
seen in guinea pigs that have been treated by injection of O.T. alone. 

It seemed possible that our failure to elicit skin reactions in guinea 
pigs that had been injected with the ground bacilli was due to the fact 
that the substance responsible for the hypersensitiveness was oxidized 
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during the prolonged grinding. We therefore repeated the experiment, 
but filled the ball-mill with hydrogen. The results are given in table 3. 

One of the guinea pigs, that had received 80 mgm. of the bacilli ground 
in hydrogen, gave a definite skin reaction. The others were negative. 


TABLE 2 


Number of guinea pigs 1 6 1 1 1 


ee Ground Ground | Ground Ground Ground 
Substance injected bacilli | bacilli | bacilli | bacilli | bacilli 


10 mgm. | 20 mgm. | 40 mgm. | 80 mgm. | 150 mgm. 


Amount in each guinea pig 


Reaction on intracutaneous injection of +- 
0.2 cc. 10 per cent O. T. - 


no reaction. 
+ = erythema. 
+-+ = erythema and slight infiltration. 
++-+ = considerable erythema and infiltration. 
++-++ = considerable erythema and infiltration and central necrosis. 


TABLE 3 
Number of guinea pigs 1 1 1 1 1 
Bacilli 
ground in 
ball-mill 
Substance injected — ly Idem Idem Idem Idem 
atmos- 
phere of 
hydrogen 
Amount in each guinea pig 10 mgm. | 20 mgm. | 40 mgm. | 80 mgm. | 160 mgm. 
Reaction on intracutaneous injection, after ++ |44++4+ 
3 weeks, of 0.2 cc. 10 percent O. T. 


— = no reaction. 
+ = erythema. 
++ = erythema and slight infiltration. 
+++ = considerable erythema and infiltration. 
+++-+ = considerable erythema and infiltration and central necrosis. 


To ascertain whether this was due to the protective action of the hydrogen 
or to less intensive disintegration of the bacilli, we repeated the experi- 
ment, but ground the bacilli twice as long. The results are given in 
table 4. None of the animals now reacted to tuberculin. The reason 
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for the grinding being apparently less efficient in the hydrogen atmos- 
phere must be sought in the presence of traces of moisture. A container 
with platinum asbestos, that was suspended in the mill to remove all 
traces of oxygen, caused the formation of small quantities of water, which 
made some of the bacilli clump together, in which condition a few bacilli 
may have escaped the grinding action. 

One of us (15) has described how tubercle bacilli lose their acid-fastness 
by being boiled in hydrochloric acid. The time necessary for loss of 
acid-fastness varies with the pH of the acid solution and is inversely pro- 
portional to the hydrogen-ion concentration. In the case of 1/10 nor- 
mal hydrochloric acid only five minutes are required to deprive the tuber- 


TABLE 4 
Number of guinea pigs 1 1 1 1 1 
Bacilli 
ground in 
ball-mill 
for 144 
Substance injected Papal Idem Idem Idem Idem 
atmos- 
phere of 
hydrogen 
Amount in each guinea pig 10 mgm. | 20 mgm. | 40 mgm. | 80 mgm. | 160mgm. 
Reaction on intracutaneous injection, after - = _ + + 
3 weeks, of 0.2 cc. 10 per cent O. T. 


— = no reaction. 
+ = erythema. 
++ = erythema and slight infiltration. 
+++ = considerable erythema and infiltration. 
+-+-+-++ = considerable erythema and infiltration and central necrosis. 


cle bacilli of their acid-fastness. Five guinea pigs were injected with 
20 mgm. of bacilli that had been boiled for 10 minutes in 10 cc. of 1/10 
normal HCl. 

In the case of a solution of pH 2.3, fifty minutes is sufficient to make 
the bacilli non-acid-fast; boiling for the same period of time in a solution 
of pH 2.9 does not destroy acid-fastness. Two guinea pigs were each in- 
jected with 20 mgm. bacilli that had been boiled for fifty minutes in a 
solution of pH 2.3, and two others with bacilli that had been boiled for 
the same length of time in a solution of pH 2.9 and which still retained 
their acid-fast properties. The results of these experiments are given in 
table 5. It appears that the acid-fastness and the ability to cause hyper- 
sensitiveness disappear together. Some of the animals that had been 
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injected with the non-acid-fast bacilli showed a faint reaction with red- 
ness and slight infiltration, but never a reaction that could be definitely 
called specific; necrosis was present only in the case of one of the guinea 
pigs injected with bacilli that had been boiled in the HCI solution of pH 
2.9 for fifty minutes, a time that was not sufficient to cause loss of acid- 
fastness. Eight guinea pigs were injected with the solution obtained by 
boiling the bacilli in acid, which was neutralized with N/10 NaOH before 
injection. None of these animals gave a positive skin test. 

In a former publication (16) it was shown that tubercle bacilli become 
non-acid-fast when heated with unsaturated fatty acids. This reaction 
is probably of the same kind as that with hydrochloric acid. The dis- 


TABLE 5 


Number of guinea pigs 2 3 2 2 


Tubercle Tubercle 
| bacilli boiled | bacilli boiled 
| for 50 minutes | for 50 minutes 


* : in citrate mix- | in citrate mix- 
in N/10 HCI in N/10 HCl ture of pH 2.3 | ture of pH 2.9 


Substance injected 


Amount in each guinea pig 15 mgm. 30 mgm. 15 mgm. 50 mgm. 
Reaction on intracutaneous injec- — +4 
tion, after 3 weeks, of 0.2 cc. 10 ++ - ++ ++4+4++ 
per cent O. T. — 
— = no reaction. 
+ = erythema. 


+-+ = erythema and slight infiltration. 
+++ = considerable erythema and infiltration. 
++-+-+ = considerable erythema and infiltration and central necrosis. 


solved unsaturated acids make water acid; in addition, commercial 
samples usually contain appreciable amounts of mineral acids from which 
it is extremely difficult to free them. 

Eight guinea pigs were injected with 20 mgm. of tubercle bacilli that 
had been rendered non-acid-fast by heating for several hours with lino- 
lenic acid, and the skin reaction was determined after three weeks. None 
of the guinea pigs gave a positive skin test. 


DISCUSSION 


Injections of non-acid-fast bacilli were in no case followed by a typical 
specific skin reaction. It is possible that this result was due to the 
absence of tubercles. Krause (17) thinks that cutaneous (tissue) hy- 
persensitiveness cannot exist without tubercles in the body. Ray and 
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Shipman report the formation of tubercles after the injection of non-acid- 
fast tubercle bacilli. They also state that the formation of typical 
tubercles may be provoked by the injection of the lipoids of the colon 
bacillus. Nakayana, and Boquet and Négre fail to find a parallelism 
between the presence of tubercles and the presence of the tuberculin 
reaction. 

We compared the findings in two guinea pigs, that had been injected 
with the acid-treated bacilli and did not react to tuberculin, with those 
in two controls, that had been injected with dead tubercle bacilli and 
showed a marked reaction. The former showed at autopsy a considerable 
thickening of the omentum at the point of injection, but no other macro- 
scopic lesions. The latter showed, in addition to a more marked thicken- 
ing of the omentum, also a swelling of the lymph nodes in the mesentery 
and ligamentum falciforme. Sections were prepared of the omentum, 
spleen, liver and lymph nodes, of which Dr. C. T. Ryder kindly gave the 
following description: 


Both series of sections show a chronic inflammatory reaction characterized 
by a granulation tissue composed of large mononuclear cells. Some sections 
in each set show polymorphonuclear infiltration and formation of abscesses. 
In addition, the acid-fast series shows the typical histological tubercle forma- 
tion with giant cells and beginning central necrosis. This was not observed 
in the sections of the non-acid-fast series. 


These findings are in harmony with the theories that consider the acid- 
fast portion of the tubercle bacillus as the cause of tubercle formation, 
and anatomical tubercle as a necessary accompaniment of hypersensi- 
tiveness. However, it seems difficult to accept this as the true expla- 
nation, since anatomical tubercles are also formed under conditions in 
which no tuberculin hypersensitiveness or only a little of it is found. 

The fact that finely ground bacilli do not cause hypersensitiveness to 
tuberculin shows that its appearance is bound to the intact tubercle 
bacillus, and not to any special substance which might be extracted from 
the tubercle bacillus by some chemical means. It seems probable to us 
that tuberculoprotein (tuberculin) must have some part in the produc- 
tion of tuberculin hypersensitiveness, as it would be against all biological 
experience that hypersensitiveness against one substance would be 
caused by a substance of a different nature. 

The ground bacilli and the acid-treated bacilli both provoke a strong 
tuberculin reaction when injected into tuberculous guinea pigs. We 
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first supposed that the slower diffusion of tuberculoprotein out of the 
intact bacilli was responsible for the production of hypersensitiveness. 
We tested this theory by injecting daily large and small amounts of 
tuberculin in different series of guinea pigs; the dose was constant in 
some series and in other series it increased or decreased more or less 
rapidly; but in no case did this lead to the production of a positive 
skin reaction. The mere presence of tuberculin in the peritoneal cavity 
is apparently not sufficient to produce hypersensitiveness, and we must 
look for a different explanation. We know from the work of Krause (18), 
Webb, Olcott and Ryder (19), and Willis (20) that tubercle bacilli may 
be found in distant organs soon after their introduction into the body. 
In this manner organs that are not reached by intravenous or in- 
traperitoneal injections of tuberculin are exposed to the action of the 
tuberculoprotein contained in the bacilli. The non-acid-fast bacilli are 
possibly more easily destroyed by the leucocytes, and do not produce 
this same effect. 

In other words, we consider the presence of tuberculoprotein, in a form 
in which it cannot be destroyed by the animal organism, as necessary for 
the production of hypersensitiveness. The anatomical tubercle is a 
sign of the presence of acid-fast bacilli, but not directly responsible for 
the hypersensitiveness, which is caused by the tuberculoprotein contained 
in the acid-fast bacilli. 


SUMMARY AND CONCLUSIONS 


1. We have confirmed Petroff’s observation that bacilli killed in the 
autoclave produce tuberculin hypersensitiveness after intraperitoneal 
injection. 

2. Extraction with ether, chloroform and petrolether does not deprive 
tubercle bacilli of their acid-fastness. 

3. Intraperitoneal injection of tubercle bacilli rendered non-acid-fast 
by grinding in a ball-mill, or by treatment with hydrochloric acid, or by 
unsaturated fatty acids does not produce cutaneous hypersensitiveness 
to tuberculin. 
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THE RELATION BETWEEN LOSS OF ACID-FASTNESS OF 
THE TUBERCLE BACILLUS AND HYDROGEN-ION 
CONCENTRATION? 


C. H. BOISSEVAIN 


It has long been recognized that the presence of acids facilitates the 
disappearance of the acid-fastness of the tubercle bacillus, when extracted 
by different fat solvents. Aronson (1) found that it is impossible to 
make bacilli non-acid-fast by fat solvents alone, an observation which 
was confirmed by Bulloch and McLeod (2). Grimm (3) first showed 
that treatment with hydrochloric acid alone is sufficient to destroy the 
acid-fastness of the tubercle bacillus. 

The acid-fastness of the tubercle bacillus is usually (4) attributed to 
a waxy substance. It seems curious that this waxy substance should 
be soluble in both hydrochloric acid and fat solvents. The possibility 
exists, however, that the acid does not work as a solvent, but removes 
the acid-fast substance by hydrolyzing it. To decide this question I 
investigated the relation between the time necessary for the loss of acid- 
fastness of tubercle bacilli and the hydrogen-ion concentration of the 
fluid in which they are suspended. 


EXPERIMENTAL 


One hundred milligrams of tubercle bacilli were grown on Long’s 
medium and suspended in 100 cc. of Soerensen’s citrate mixtures of pH 
varying from 1.3 to 6.0. The mixture was then allowed to boil in a 
flask provided with a reflux condenser until the bacilli had lost their 
acid-fastness (the boiling point of water at the altitude of Colorado 
Springs is approximately 93.6°C.). 

The results were as shown in table 1. 

If we consider only the values found for the solutions of pH 1.3, 2.3 
and 3.2, we see that the time required for loss of acid-fastness in these 
solutions is inversely proportional to the amount of hydrogen ions present 
(not to the pH, but to the weight of the hydrogen ions). The same 
relation exists between the values for the solutions of pH 5.0 and 6.0. 


1 From the Laboratory of the Colorado Foundation for Research in Tuberculosis at Col- 
orado College, Colorado Springs, Colorado. 
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Velocity of hydrolysis is proportional to the hydrogen-ion concentration; 
one of the methods for determining the hydrogen-ion concentration of 
fluids is even based on this property. We could conclude that the hy- 
drogen ions act by hydrolyzing the acid-fast substance, if we had not 
found the abnormal value at pH 4.0, and if the values for pH 5.0 and 
pH 6.0 were not too low in comparison with the values found for pH 3.2, 
2.3 and 1.3. 


TABLE 1 
pH OF CITRATE SOLUTION TIME NECESSARY FOR LOSS OF ACID-FASTNESS 

6.0 5 days 

5.0 12 hours 

4.0 11 hours 

3:2 6 hours 

2:3 50 minutes 

1.3 5 minutes 


The abnormal value for pH 4.0, and the lack of proportionality be- 

tween the time required in solutions of higher pH than 4.0 and in those 
of pH lower than 4.0 are not really in conflict with the hypothesis of 
hydrolysis by H ions, because we must take the change of pH caused by 
the Donnan equilibrium into account. 
! Loeb (5) has shown that proteins may be considered as amphoteric 
electrolytes, that act as bases or acids according to the pH of the solu- 
tion}in which they are dissolved. On the acid side of the so called iso- 
electric point they behave as bases, and form compounds like protein 
chloride, and on the basic side they behave like acids and form com- 
pounds like sodium proteinate. The pH of a protein solution is deter- 
mined by Donnan’s equation for membrane equilibrium, when it is 
separated from another solution by a membrane which is not permeable 
for the protein in question. We may consider the tubercle bacilli for 
our purpose as particles of protein surrounded by an impermeable mem- 
brane, as extraction with water during many days removes only a small 
part of the protein. 

The isoelectric point of tuberculoprotein is either 4.0 (6) or very near 
it (7). It can be derived from Donnan’s equation that the hydrogen- 
ion concentration inside the tubercle bacilli must be lower than in the 
outside solution when the bacilli are suspended in a solution more acid 
than pH = 4.0. 

The hydrogen-ion concentration inside tubercle bacilli that are sus- 
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pended in a solution Jess acid than pH = 4.0 must be higher than in the 
outside solution. Evidently only the concentration inside the bacilli 
can be effective in hydrolyzing them, and if the time necessary for the 
loss of acid-fastness is really inversely proportional to the hydrogen-ion 
concentration, we may expect that the time required in solutions less 
acid than pH = 4.0 will be too short in proportion to the time required 
in a solution of pH = 4.0, and the time required in a more acid solution 
will be too long in comparison. This is precisely what our experiments 
show, and we conclude accordingly that the loss of acid-fastness in acids 
‘is due to hydrolysis of the acid-fast substance. 


PRODUCTS OF HYDROLYSIS 


One hundred milligrams of tubercle bacilli were washed several times 
with distilled water, and hydrolyzed by boiling for 10 minutes in 10 cc. 
of N/10 HCl solution. The bacilli were separated from the acid by 
centrifugation, which gave an opalescent solution. Neutralizing this 
solution caused a heavy precipitate to appear, which redissolved when 
the solution was made alkaline. The alkaline solution was not opalescent 
but perfectly clear. The point of greatest precipitation is at approxi- 
mately pH 6.0. The precipitate was further purified by dissolving it 
in acid, and reprecipitating it at pH 6.0. It is slightly soluble in dis- 
tilled water, and soluble in acids or alkalis, but insoluble in alcohol or 
acetone. No melting point could be determined because it carbonizes 
before melting. The biuret and Millon’s reactions were negative, but 
the xanthoprotein reaction was slightly positive. The intracutaneous 
tuberculin test with 1 mgm. of the precipitate in 0.2 cc. physiological 
salt solution on a tuberculous guinea pig was negative. 

The non-acid-fast tubercle bacilli were now extracted with 10 cc. of 
boiling alcohol, and the bacilli were separated by centrifugation and the 
alcohol evaporated. The residue was soluble in dilute alkali, from 
which it could be precipitated by acidification. The precipitate was 
completely insoluble in acids. The melting point was between 30° 
and 35°C. The substance does not give the tuberculin reaction, and 
is evidently a mixture of fatty acids. 


DISCUSSION 


It appears from the experiments described above that the loss of acid- 
fastness of tubercle bacilli in acids is caused by the hydrolysis of some 
unknown compound. The resulting products are an unidentified sub- 
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stance, which is soluble in acids and alkalis but not in alcohol or acetone, 
and a mixture of fatty acids. It is not certain whether these fatty acids 
may be considered as one of the products of hydrolysis, as a small amount 
of them can be extracted without previous hydrolysis. 

Neither of these two substances gives rise to the tuberculin reaction, 
but the residue of non-acid-fast bacilli gives a strong tuberculin reaction. 
The question of whether any of these fractions can cause hypersensi- 
tiveness to tuberculin will be discussed in a future paper. 

The substances that can be extracted from the tubercle bacilli during 
the process of defatting consist, in general, of three different classes: 
(1) lipins, that do not play any réle in the causation of acid-fastness 
and that are also found in non-acid-fast bacilli, (2) the acid-fast sub- 
stance, and (3) the products of hydrolysis. The quantity of (1) will 
be different for each solvent; the quantity of (2) must be almost negli- 
gible in view of the findings of Aronson that were confirmed by several 
other authors. The quantity of (3) will depend upon the pH of the 
bacilli and of the extracting substance; also upon the presence of water. 
I described in a previous paper (8) how tubercle bacilli can be made non- 
acid-fast by treatment with unsaturated fatty acids. The effectiveness 
of the fatty acids increased proportionally to the number of double bonds 
in the series,—stearic acid, oleic acid, linolenic acid. At the time I sup- 
posed that this was caused by the solubility in water, which increased in 
the same series. In the light of the experiments described in this paper, 
I must modify this opinion to this extent, that the water solubility is only 
indirectly responsible for the defatting action of the unsaturated fatty 
acids. The pH of watery solutions of these acids increases parallel with 
the water solubility, and is probably the direct cause of the “defatting” 
action. 

I determined the pH of aqueous solutions of the three acids mentioned, 
after washing them repeatedly with large quantities of distilled water, 
until further washing did not alter the pH of the watery solution ob- 
tained by shaking the fatty acid with distilled water in a quartz flask. 
The following pH’s were determined colorimetrically: 


2H 


The pH of commercial fatty acids is much lower than these values. 
One sample of oleic acid gave a pH of 2.5 to the water with which it was 
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shaken, and 12 thorough washings'with large quantities of distilled water 
were necessary before it gave the value of 5.3 which did not change any 
more after further washing. 

McJunkin (9) reported that oleic acid does not make tubercle bacilli 
lose their acid-fastness, unless small quantities of water are present; 
the most probable explanation seems that acids are not ionized unless 
water is present. No H ions are present in perfectly dry oleic acid, and 
no hydrolysis can take place. 

Dreyer (10) described a method for defatting tubercle bacilli in which 
acetone and formalin are used alternately. I found the pH of a 10 
per cent solution of two samples of commercial formalin to be around 4.0. 

It is evident that the action of the ether-alcohol mixture containing 
1 per cent HCl, that Aronson used, depended upon the action of the 
hydrogen ions. The fat solvents used in many cases have definite 
acidic properties (trichlorhydrin, ethyl chloride), and it may not be 
assumed that they simply act as solvents, unless measurements of the 
pH of their watery solutions show that they have a neutral reaction. 


SUMMARY AND CONCLUSIONS 


1. It is shown that the time necessary for the loss of acid-fastness of 
tubercle bacilli in acids is inversely proportional to the hydrogen-ion 
concentration. The results are complicated by the buffering action of 
the tubercloprotein. 

2. It is probable that the H ions act by hydrolyzing the acid-fast sub- 
stance. 

3. The acid solution used for hydrolyzing the bacilli contains an un- 
identified substance, which is soluble in acids and alkali, but not in fat- 
solvents. 

4. It is pointed out that the pH of several fat-solvents may be responsi- 
ble for their “defatting” action. 
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Charles David Spivak 
1861-1927 


In the passing of Doctor Spivak the sanatorium movement has lost one 
of its pioneers and valiant workers. Doctor Spivak died in Denver on 
October 17. 


Charles David Spivak was born in Russia, in 1861. As a mere youth 
he was drawn into the struggle against czarism and was forced to leave 
his native land. Emigrating to the United States in 1882, he went 
through the usual process of Americanization by working on farms 
and in factories. Later, while holding a position as librarian in a Settle- 
ment House, he pursued a medical course at Jefferson Medical College 
in Philadelphia, from which he graduated in 1890. He subsequently took 
postgraduate instruction in Germany. 

He settled in Denver, Colorado, in 1896, where he resided until his 
death, October 16, 1927. Soon after reaching Colorado he entered 
actively in communal and college work. He lectured on anatomy in the 
University of Denver Medical Department, later assuming the chair of 
gastroenterology, in which specialty he attained considerable reputation, 
both in his private practice and in his scientific contributions to medical 
journals. Dr. Spivak was a prolific writer. Some seventy-five papers 
are credited to him in Medical Coloradoana—a jubilee volume of the 
Colorado State Medical Society, published in 1921, which he compiled by 
his own painstaking efforts. Dr. Spivak did not limit his writings to 
medicine. He was a most versatile character and nothing human was 
alien to him. His great familiarity with Hebrew and talmudic lore led 
him to collaborate with the famous Yiddish poet Yehoash in the publica- 
tion of a work devoted to the Hebrew words in the Yiddish language. In 
addition he contributed frequently to the Yiddish papers on popular 
medicine. 

In the literary field he found vent for his energy in reviewing The 
Physician in Literature, a series of studies dealing with medical characters 
in Shakespeare, Moliere and other eminent writers. 

His greatest achievement, however, rests in the antituberculosis field, 
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to which he devoted his best energies for over two decades of his life. He 
was one of the founders of the Jewish Consumptives’ Relief Society, and 
from its inception, in 1903, until his death he acted as its secretary and was 
instrumental in shaping its policies. The Sanatorium of the J. C. R. S. 
was established in 1904, at a time when all the current teaching and 
practice were in the direction of taking care of only the incipient cases of 
tuberculosis. In the pioneer days of the sanatorium movement, it was 
rank heresy to advocate the erection of sanatoria to treat both advanced 
and incipient cases. Dr. Spivak, actuated by the broad sympathy which 
was an essential part of his character, spread his doctrines among the 
Jewish masses to help the advanced consumptive also, and the people 
rallied to the support of the young institution. The marvelous growth of 
the sanatorium of the J. C. R. S. from six tents in 1904 to the present 
splendid equipment of to-day, its increase from eight patients to a bed 
capacity of three hundred besides employment for seventy-five former 
patients, constitutes a tribute to the humanity and vision of the man. 

He was beloved by all who came in contact with him. His gentle- 
ness of character, his sympathy with the sick and needy made him an 
ideal social worker, so that he was the idol of the Jewish masses, especially 
the poor and the proletarian, who counted him as their own. 

His last act of serving humanity was the provision in his will that his 
body be used for teaching purposes for medical students. Dr. Spivak had 
written many articles in the Jewish press, advocating autopsies among the 
Jews and citing authorities to prove that the disinclination to permit 
examination of the body after death was not based on any cardinal prin- 
ciples of the Jewish religion, but rather on a custom which falsely con- 
sidered ita lack of respect for the deceased. By his example he demon- 
strated the sincerity of his arguments. 

Side by side with the research worker in the antituberculosis movement 
is the promoter and builder of institutions to harbor the sufferersfrom the 
white plague. The latter too deserves the laurel wreath. When the 
history of the campaign against this dread disease is written due credit 
will surely be given to the organizer and sanatorium builder—Charles 
David Spivak. 

P. H. 
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CORRECTION 


Through a regrettable error there occurred a transposition of figures 1 and 2 
in the article, The Diagnosis of Latent Tuberculosis, McPhedran, vol. xvi, pp. 
479-495. The legends are correct as they stand, but the illustration now on 
page 489 is actually figure 1, while that on page 488 is figure 2. 
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Progress in Tuberculosis.—Progress in 
tuberculosis has not been made by imper- 
ceptible steps, but, as Adami pointed out, 
by sudden leaps and bounds, followed by 
periods of little or no change. Koch’s dis- 
covery has been followed by a period of 
progress afforded by research. Another 
cycle of discovery is due, this time more in 
the zone of the bacteriologist than of the 
biochemist. At present Calmette’s work 
affords the greatest promise, and is based 
upon Koch’s phenomenon, described in 1891, 
to the effect that reinoculation in previously 
infected guinea pigs results in a compara- 
tively mild reaction. In 1908 Calmette 
proved by experimentation that tuberculous 
cows are much more resistant to reinfection 
than normal cows. His present treatment 
consists in giving a dose of 1 cgm. of BCG. 
culture, obtained by attenuating virulent 
bovine tubercle bacilli by 230 cultures in 
glycerinated ox-bile, to each infant within 
seven days of birth. Inoculation of more 
than 5000 infants, from 1922 to 1925, re- 
duced the death-rate from tuberculosis from 
25 per cent to less than 2 per cent. How- 
ever, some obvious objections to the ex- 
tended use of BCG. are that it is purely 
prophylactic and applicable only to coming 
generations; it must be administered im- 
mediately after birth, before possible infec- 


tion with a more virulent microérganism, 
and it would entail difficulty in the tuber- 
culosis officer receiving timely notification 
of births, and obtaining the consent of 
the parents in all cases. Other products 
of bacteriological laboratories, promising a 
cure or alleviation of the disease, such as 
Koch’s tuberculin and Spahlinger’s serum, 
have proved disappointing. Chemothera- 
peutic discoveries have been very disheart- 
ening; Sanocrysin has been used with 
disappointing results, as also the salts of 
calcium, copper, bismuth, etc. Better re- 
sults are recorded from the realms of physical 
science, as in the application of ultraviolet 
light in bone and joint tuberculosis in 
infancy. Surgery in the treatment of tuber- 
culosis is tending to be more and more 
conservative. Surgeons, and in particular 
Sir Robert Jones, are advocating treatment 
by rest and appliances, rather than surgical 
interference with the local lesion. The 
surgical treatment of pulmonary tuber- 
culosis is of value only in a limited number 
of cases, and conservatism will probably 
again prevail here, as also in laryngeal 
disease. The preventive work of Grancher 


deserves mention; a remarkable decrease in 
the death-rate of children was observed, 
only 7 succumbing to tuberculosis in a total 
of 2300 children removed from infected 


parents to healthy homes till puberty. Such 
results prove the absence of congenital in- 
fection and of the so called tuberculous 
diathesis. In the matter of diagnosis of 
tuberculosis, unquestionably the finer meth- 
ods of physical examination are being 
neglected for the easier method of X-ray 
examination, although the use of lipiodol 
and the X-ray in the diagnosis of bronchi- 
ectasis is an important advance—Tuber- 
culosis: A Prospect, A. Adams, Tubercle, 
February, 1927, v, 207.—(G. L. L.) 


Physical Fitness in College.—Previous 
work on college groups from a medical 
standpoint has been almost entirely confined 
to distinction of the sick from the well, 
and actually recognized disease has been 
found almost negligible statistically. Thus, 
apart from some slight limitations placed 
on those'with heart disease with reference 
to athletics, education has felt justified in 
making the work schedule on the assumption 
that all men are physically equal, and the 
physically unfit have often been over- 
trained.. However, when college men were 
examined from a different standpoint, as 
Lee found, 95 per cent of the college popu- 
lation (at Harvard) were not entirely robust, 
healthy individuals, Emerson found, of 
645 men entering Dartmouth College in the 
class of 1927, that 3 per cent were obese 
(20 per cent or more over average weight), 
42 per cent in the safety weight zone (0 to 
20 per cent above average), 25 per cent 
borderline (less than 7 per cent underweight), 
and 30 per cent seriously underweight (over 
7 per cent). A similar grouping has been 
used by Director C. B. Davenport of the 
Carnegie Institution. He found that the 
“slender” and “very slender” groups were 
from 6 to 12 times more in danger of tuber- 
culosis and 3 to 6 times more susceptible to 
respiratory and nervous disorders than the 
average. Furthermore, a college education 
does not at all improve health habits, because 
training the intellect has little or no effect 
on fundamental habits. However, we can 
do more than merely comment on the con- 
dition of affairs, as far as it concerns college 
men. Progress began when enough cases 
had been analyzed to roughly classify the 
real causes of physical unfitness. On the 
whole, these causes are the same that oper- 
ate among younger growing persons. It 
is surprising to find that there is often a 
higher percentage of underweight in the 
families of the well-to-do than those socially 
less fortunate, the demands of their social 
life being more complicated, and recreation 
and amusement often overdone. Fully 90 


per cent of cases of physical unfitness are 
traceable to (1) physical defects, especially 


2 THE AMERICAN REVIEW OF TUBERCULOSIS 


nasopharyngeal, (2) lack of control, (3) 
overfatigue, and (4) faulty food and health 
habits. In the college work there has gen- 
erally been cordial support by students and 
executives, the chief exceptions being found 
among men of academic bias, who are as 
often found among those working in the 
newer fields as in those closer to the classical 
tradition. But men of larger vision see 
that there is great waste of life due to effort 
to achieve academic, athletic and other 
results without provision for underlying 
foundations. Modern education demands 
and gets its pound of flesh without consider- 
ing that in so doing it renders impermanent 
and unserviceable much of the accomplish- 
ment for which it has worked so hard. It 
is essential to bring the members of a school 
or college into condition to cope with factors 
essential to training, so that in later years 
they may pursue a course of mingled intel- 
lectual and physical activities in comfort 
and health, and with a sense of joy in liv- 
ing. At Dartmouth College physical-fitness 
classes were instituted, and the results were 
found to be well worth while. The gains 
in weight were especially striking as com- 
pared with those not members of the classes 
and with previous gains by the same men 
before joining the classes. Those who were 
noted to codperate well made the best aver- 
age gains. Men observing late hours gained 
nearly 100 per cent less than the entire 
group. Many were advised to have oper- 
ations for nasopharyngeal obstructions, or 
at least were referred for expert examination 
of nose and throat. The chief difficulties 
affecting gain in weight were (1) grouped 
examinations, (2) special college functions 
and vacations, and (3) athletic and other 
extracurricular competition and activity. 
The obese men ran below average in high 
marks and above in low marks, showing 
twice as many low marks and less than a 
third as many high marks as the “safety 
weight” group. However, they also showed 
the lowest percentage of illness from naso- 
pharyngeal causes. In the class of 1927 
at the Massachusetts Institute of Technology 
the ten best men in college work had an 
average ranking of 68 per cent in physical 
fitness, the ten lowest 46 per cent.—Physical 
Fitness in the College, W. R. P. Emerson, 
J. Am. M. Ass., May 15, 1926, lxxxvi, 
1511.—(A. P.) 


Anatomico-Pathological Classifica- 
tion of Pulmonary Tuberculosis.—The 
author presents without discussion classi- 
fications of pulmonary tuberculosis accord- 
ing to Ranke, Fraenkel-Albrecht, Turban 
and Gerhardt-Turban.— La classificazione an- 
atomo-patologica della tubercolost polmonare, 
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M. Martinelli, Tubercolosi, October, 1926, 
xviit, 342.—( U. E. Z.) 


Karl Turban.—Brief partial biography 
and appreciation of Karl Turban on the 
occasion of his seventieth birthday.— Karl 
Turban, (No author’s name given), Miinchen. 
med. Wchnschr., November 5, 1926, luxiii, 
1890.—(E. R. L.) 


Karl Ernst Ranke.—Appreciation of 
Karl Ernst Ranke, who died on November 8, 
1926, of heart disease at the age of 56.— 
Karl Ernst Ranke, G. Baer, Miinchen. med. 
Wehnschr., December 10, 1926, lxxiii, 2129.— 
(EZ. R. L.) 


Tuberculosis Mortality in Norway.— 
On the basis of the returns contained in 
the Norwegian public health reports, and 
of the results of the census enumerations, 
the mortality from pulmonary tuberculosis 
per thousand population has been calculated 
separately for each sex and various age 
groups for periods from 1880 to 1920. The 
results show, especially for the latest five 
year periods, a decrease, greatest in child- 
hood but also well marked at advanced 
ages, least so in the age groups 16 to 30, 
especially in females. Boys show the high- 
est mortality in the first year and a slightly 
higher figure than girls from 2 to 5 years. 
From 6 to 20 girls show a distinct pre- 
ponderance, especially from 11 to 15, when 
the rate is twice that for boys. The highest 
figures for men are in the age-groups 21 to 
30, for women 31 to 50. Comparison of 
the figures since 1900 with those before 
show for ages 11 to 13 a 30 per cent im- 
provement for boys and 20 per cent for 
girls. From the age of 20 on the improve- 
ment also increases. In Oslo there is a 
lower mortality among immigrants than 
among the native-born, and the same is 
probably true for other towns. The rural 
rates seem unduly high, probably because 
of the hardier stock emigrating to towns.— 
Statistical Account of the Mortality from 
Tuberculosis in Norway, G. H. M. Waaler, 
Tubercle, June, 1926, vii, 433.—(A. P.) 


Hospitalization of Tuberculous in 
Italy.—The mortality rate of tuberculosis 
has dropped from 2,128 per million inhabi- 
tants in 1887 to 1,415 per million in 1923, 
a decrease of only 703 deaths in 36 years. 
Tuberculosis causes 65 per cent of all deaths 
due to infectious diseases. In 75 per cent 
of the cases dying from this disease, locali- 
zation was in the lungs. The number of 
tuberculous individuals existing in Italy at 
any time has been variously estimated to 
be between 250,000 and 350,000. The avail- 


able hospital and sanatorium beds for the 
treatment of phthisis in the whole of Italy 
number 8,100 (approximately one bed for 
every 5,000 inhabitants). The average 
length of institutional residence per patient 
is about three. months. The Italian Na- 
tional Federation of Hygiene calculated that 
a minimum of 48,000 beds is required. 
There are 17 public and 10 private sanatoria 
in Italy, with a total bed capacity of 2,850. 
The remaining beds are distributed among 
hospitals. Under the auspices of the govern- 
ment and various organizations, several new 
institutions, for the care of the tuberculous, 
are under construction —La spedalizzazione 
dei tubercolosi, G. Ronzoni, Tubercolosi, 
October, 1926, xviii, 355—(U. E. Z.) 


Tuberculosis in Mental Hospitals.— 
The death-rate from tuberculosis in the 
mental hospitals of England and Wales 
has been reduced by about 40 per cent in 
the last twenty years, but it is still con- 
siderably higher than in the general popu- 
lation. This is attributable to several 
factors, not the least being that only 12 
per cent of the mental-hospital population 
belongs to age-groups under 25, while 45 
per cent of the general population belongs 
to this age-period. Also, the percentage 
of verifications of the cause of death is 
higher in mental hospitals, a certain per- 
centage of deaths among the general popu- 
lation being certified as due to bronchitis 
and pneumonia, that would otherwise be 
tuberculosis deaths if a higher percentage 
of autopsies were obtainable. Certain types 
of patient in mental hospitals are particularly 
susceptible to tuberculosis, namely, chiefly 
the congenital defectives and cases of pri- 
mary dementia. Associated with the diffi- 
culties of adequate ventilation and satis- 
factory heating in these hospitals is the 
danger from inhalation of room dust or 
spray from coughing in the crowded wards. 
One improvement, which has probably 
helped to reduce the death-rate in recent 
years, is the building of hospitals with wider 
window openings, greater risks being taken 
in the matter of custody. Congenital defec- 
tives usually succumb to tuberculosis only 
after long residence; those with depressed 
conditions and dementia praecox more fre- 
quently die within five years. One must 
depend almost entirely on the alertness of 
the medical and nursing staff for personal 
observation of the first signs of illness. 
Just as among the general population, there 
is a distinct seasonal incidence in the mani- 
festations of tuberculosis in these hospitals. 
Research carried out in 1922 on diets in 
mental hospitals revealed that, as the caloric 
value was raised. the incidence rate of tuber- 
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